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Electronic Engineering June, 1950 


Let us design and manufacture the multi-unit cable 
you need to meet your specific requirements! It may include 
coaxial, twin, quad and small power or control cores in 
any combination. 


We have produced numerous multi-unit low-loss 
cables to meet specialised needs* as well as a wide range of 
R.F. cables for every use, and now offer YOU the -services 
of our engineers and the vast research and production 
facilities of the BICC organisation. 


Why not investigate this unique offer ? Write to-day 
and let us assist with your low-loss cables problems. 


*The flexible multi-core cables shown here were 
specially produced by BICC for Pve Ltd. mobile 
television equipment. 


Ee Fleet i - tives 
Yi” LOW-LOSS GABLES 


BRITISH InSULATED CALLENDER’S CABLES: LIMITED 
NVRTFOLK HOUSE, NORFOLK STREET, LONDON, W.C.2 
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Flectronic Engineering 


CLASSIFIED ANNOUNCEMENTS 


The charge for these advertisements at the LINE RATE (if under |” or 12 lines) is: Three lines or under 7/6, each additional line 2/6. 
(The line averages seven words.) Box number 2/- extra, except in the case of advertisements in ‘‘Situations Wanted,’’ when it is added 


free of charge. 


At the INCH RATE (if over 1” or 12 lines) the charge is 30/- per inch, single column. Prospectuses and Company’s 


Financial Reports £14 0s. 0d. per column. A remittance must accompany the advertisement. Replies to box numbers should be addressed 
to: Morgan Bros. (Publishers), Ltd., 28, Essex Street, Strand, London, W.C.2, and marked ‘‘ Electronic Engineering.” Advertisements 
must be received before the I4th of the month for insertion in the following issue. 





OFFICIAL APPOINTMENTS 


B.B.C, invites applications for the post of General 
Instructor, Engineering Training Department, 
Evesham. Applicants must possess a Degree in 
Physics or Electrical Engineering, and should have 
good knowledge of light and illumination problems. 
The successful applicant is required to teach 
fundamental principles of Physics and specialise in 
television lighting technique. Salary in a grade 
with increments of £35; maximum, £735 per 
annum. Applications, stating age, qualifications 
and details of past and present employment should 
reach Engineering Establishment Officer, Broad- 
casting House, London, W.1, within seven days. 


V 2335 


GOVERNMENT OF INDIA. The Government 
of India require the services of two Qualified 
Electrical Engineers (Electronics) in a Service 
establishment for training personnel in the 
maintenance and repair of equipment: one for 
high-powered wireless sets as used in the Services, 
and the other for modern radar equipment. 
Candidates must be competent engineers and 
should be Corporate Members of the Institute of 
Electrical Engineers, or hold equivalent qualifica- 
tions exempting them from Part ‘‘A”’ and “B” 
of the examinations. An Honours Degree would 
be an advantage. They must have had a thorough 
specialised training in their respective fields with 
subsequent practical experience in repair and 
maintenance of equipment used in the Services. 
Those with experience in methods of training 
would be preferred. The appointments in the first 
instance would be for three years. The initial 
salary would be between £1,400-£1,600 per annum, 
according to experience and qualifications, but a 
higher pay may be offered to an exceptionally 
well-qualified candidate. Income Tax would be 
on Indian rates, which is approximately one-tenth 
of the income. The normal rules regarding passage, 
free medical attention, accommodation and leave, 
will apply. Application forms, available on request 
by post-card, quoting No. 4/44E, from the 
Secretary, General Department, Office of the High 
Commission of India, Aldwych, London, W.C.z. 
Applicants should state their qualifications, the 
post applied for and the pay required. The last 
date for the receipt of completed applications at 
above address is 19th June, 1950. As certain 
points in connexion with those posts may have to 
be referred to the Government of India, it is likely 
that there will be an interval between the date of 
receipt of the application and date for interview of 
selected candidates. W 2343 


MINISTRY OF SUPPLY require Radio 
Engineers for unestablished appointments as 
Technical Authors in the Air Technical Publications 
Branch in Surrey and Worcestershire. Duties 
to collect information from research, design, 
manufacturing and other sources and _ prepare 
publications for the instruction of technical 
personnel in the Services on theoretical and 
practical aspects of airborne and ground Centi- 
metric Radar equipment. Candidates must be 
British with British parentage and should possess 
good instructional ability in scientific or technical 
subjects, or experience in writing or editing 
publications on such subjects. They must possess 
a Degree in Engineering or in Physics, or be 
Corporate Members of the Institution of Electrical 
Engineers or have passed recognised “A” and 
“B” exempting examinations for Associate 
Membership. Good standard in Physics and 
Mathematics is essential. Several years’ experience 
of centrimetric radar apparatus and techniques 
in the research and development department of a 
leading manufacturer or in a Government research 
establishment, or extensive experience in a position 
of technical responsibility in the Services on the 
operation and maintenance of such equipments 
also essential. Salary up to £720 per annum, 
depending on age, qualifications and experience. 
Vacancies in higher grades are filled by promotion. 
Opportunities to compete for establishment occur 
periodically. Write for application form, obtain- 
able from the Ministry of Labour and National 


A 


Service, Technical and Scientific Register (K), 
York House, Kingsway, London, W.C.2, quoting 
reference (D.135/50-A). Closing date, 12th June, 
1950. W 2347 


MINISTRY OF SUPPLY require experienced 
Radio Engineers for unestablished appointments 
as Technical Authors in the Air Technical Publica- 
tions Branch in Surrey, Hampshire or Worcester- 
shire, to prepare official technical publications on 
theoretical and practical aspects of airborne and 
ground radio communications or radar equipment 
for the instruction of technical personnel in the 
Services. Applicants must be British with British 
parentage and have served a recognised engineering 
apprenticeship. Higher National Certificate in 
Radio or Electrical Engineering, or relevant City 
and Guilds Certificates, e.g., Radio Communica- 
tions, III, desirable. Good grounding in Physics 
and Mathematics and sound experience in position 
of technical responsibility on radio in industry or 
the Services are essential. Appointments initially 
Engineering Technical Class, Grade III, within 
the range £380 (linked to age 26)—{495 per 
annum. Promotion to Grade II (£470-£595 per 
annum) may be expected after training and 
experience. Opportunities for establishment may 
occur later. Write for application form, obtainable 
from the Ministry of Labour and National Service, 
Technical and Scientific Register (K), York House, 
Kingsway, London, W.C.2, quoting (D.136/50A). 
Closing date, 12th June, 1950. W 2346 





SITUATIONS VACANT 


A LEADING firm of mobile radio equipment 
producers requires Sales Engineers for technical 
sales liaison, primarily with the automobile 
industry. Applicants between 25 and 35 and 
possessing sound radio engineering training, should 
apply, in writing, giving age, qualifications, details 
of experience and salary required to Box No. 
2294. 


BELLING AND LEE Ltd., Cambridge Arterial 
Road, Enfield, Middx., require the services of a 
keen and inventive research assistant of British 
nationality for work in connexion with television 
aerials and radio components. Applicants should 
be 25 to 35 years of age, and possess qualifications 
at least to Grad. I.E.E., together with previous 
research experience: five day week. W 2299. 


DEVELOPMENT ENGINEERS required by 
firm in N.W. London manufacturing an extensive 
range of industrial instruments and _ controls. 
Candidates should have a good theoretical back- 
ground, prefvrably with a Degree or equivalent in 
physics or electrical engineering and in addition 
should have experience of (a) Instruments or 
light mechanisms. (b) Electronics applied to 
industrial problems. The starting salary will be 
according to the experience of applicant, but not 
less than £400 p.a. Write Box No. W 1078 


DESIGNER DRAUGHTSMEN required for the 
Engineering Laboratory of a large light engineering 
firm in the West London area for development 
work. Should have a knowledge and experience of 
tool design. Apply, giving details of age and 
experience to Box No. W 2303. 


MECHANIC required for the construction and 
servicing of industrial electronic apparatus, main- 
tenance of mechanical transducers, etc. West 
London area. Forward details of education, 
experience and salary required, to Box A.C.894, 
Central News, Ltd., 17, Moorgate, London, E.C.r1. 
W 2312 


QUALIFIED Silk Screen Operator able to cut 
Screens and operate photographic silk Screens 
wanted for factory in Auckland, N.Z. Salary 
£425 to £550 according to qualification. Applicants 
should be between 20 and 35 and single to be 
eligible under N.Z. emigration scheme. Apply 
with photograph and references to Box No. W 1080, 


A NUMBER of Senior and Junior vacancies for 
Radio, Radar, Electronic, Television, etc., Develop- 
ment, Service Engineers, Draughtsmen, Wiremen, 
Testers, Inspectors, etc. Urgently required, 30 
Television Service Engineers. Write in confidence: 
Technical Employment Agency, 179, Clapham 
Road, London, S.W.9. (BRIxton 3487). W 2277 


MOTOR DESIGNER required for the F.H.P. 
Motor Laboratory of a large light electrical 
engineering company in the West London area 
Applicants should have a sound technical and 
practical training, with initiative to accept full 
responsibility of a project from the initial design 
stage to factory production. Excellent prospects 
if qualifications and experience are suitable. 
Apply, giving details of age, education and job 
history, to Box W 2324. 


CAPACITOR ENGINEER required with experi- 
ence in manufacture of electrolytic capacitors. 
Apply, A. H. Hunt Limited, Bendon Valley, 
S.W.18. V 2336 


ELECTRONIC ENGINEER with good academic 
qualifications and apprenticeship required for 
development work on control systems. Experience 
of D.C. amplifiers and computing devices an 
advantage. Write full details of qualifications, 
age and salary required to: Personnel Manager, 
Sperry Gyroscope Co. Ltd., Great West Road, 
Brentford, Middlesex. N 2334 


ELECTROMECHANICAL Engineer with good 
academic qualifications, apprenticeship and mathe- 
matical background required for development 
work. Experience in electrical and_ electro- 
mechanical methods of computation, servo theory, 
and instrument design desirable. Write full details 
of qualifications, age, and salary required to: 
Personnel Manager, Sperry Gyroscope Co. Ltd., 
Great West Road, Brentford, Middlesex. W 2333 


RADAR SUPERVISORS. Vacancies exist for 
former Radar Supervisors who were officers in the 
Royal Air Force or the Women’s Royal Air Force 
who wish to return to the Services. They will be 
responsible for the efficiency of radar operation 
and the work of radar operators and will be given 
a short service commission of 5 years with the 
opportunity of a permanent commission subject 
to passing a selection and medical board. The 
work is interesting and vitally important and 
involves the use of the most modern equipment. 
There are facilities for sport, the opportunity to 
travel abroad and normally 42 days leave a year. 
Pay for R.A.F. officers starts at £237 p.a. and rises 
to £420 after about 5 years. In addition furnished 
accommodation and rations are provided, or an 
allowance in lieu. A marriage allowance of £338 
».a. is also payable to entitled married officers. 
Uniform allowance on entry. Gratuity is £100 for 
each year of service for short service office:s ; 
pension £375 p.a. upwards for long service.W.R.A.F. 
officers pay starts at £178 per annum and rises to 
£315 after about 5 years. Accommodation and 
rations are free and there is an initial uniform 
allowance. Gratuity is £65 for each year of 
service for short service officers and pensions of 
£250 p.a. and more are provided for long service. 
Full details from: The Under Secretary of State 
for Air, Adastral House, A.R.7, Kingsway, London, 
W.6.4; N 2332 


ELECTRONIC ENGINEER with sound experi- 
ence of production in the Light Engineering 
field is required for interesting development work 
on special electronic and_ electro-mechanical 
equipment. The post is a progressive one and 
salary according to age and qualifications. 

Qualifications : Degree or equivalent in Engineer- 
ing and several years’ production experience. 
Apply, stating age, full details of education and 
experience, to Personnel Department ED/13, 
2.M.I. Engineering Development Ltd., Blyth 
Road, Hayes, Middx. W 2339 








CLASSIFIED ANNOUNCEMENTS (Cont'd.) 





ELECTRONIC ENGINEERS or Physicists 
required for progressive posts on interesting 
development work. Qualifications: Degree or 
equivalent in Physics or Electrical Engineering 
and three to five years or more experience of 
circuit design and/or electronic transducers is 
essential. Apply, stating age, full details of 
education and experience, to Pefsonnel Department 
ED/15. E.M.I. Engineering Development, Ltd., 5, 
Blyth Road, Hayes, Middx. W 2340 


ELECTRONIC ENGINEERS required for 
progressive posts as design and development 
engineers. Qualifications: Degree or equivalent 
in Electrical Engineering with some industrial 
experience of design work; experience of Test 
Gear design an advantage. Apply, stating age, 
full details of education and experience, to 
Personnel Department ED/14, E.M.I. Engineering 
Development Ltd., Blyth Road, Hayes, Middx. 
W 2341 


EXPERIENCED DRAUGHTSMEN required by 
leading electronic manufacturers situated in 
pleasant provincial town. Five-day week, staff 
canteen, profit-sharing scheme. Apply, stating 
age, experience and salary required, to Box No. 
W 2342. 


EXCELLENT OPPORTUNITIES are now 
available at the Research Laboratories of The 
General Electric Co. Ltd., for First-Class Engineers 
and Physicists for research and development 
work in the mechanical and electronic engineering 
fields, as follows :—(a) Mechanical Engineer, to 
take charge of a Research Group in the field of 
Special Mechanisms. Experience in theory and 
design of servo-devices and high efficiency gearing 
is essential. Ability to contribute to the 
build-up of a mechanical laboratory is required. 
(b) Electronic Engineers and Physicists to act 
as Section Leaders for work on the following : 
(i) design of microwave aerial systems ; (ii) inter- 


mediate frequency amplifier design; (iii) 
microwave circuit design and measurements, 
including wave-guides and _ concentric lines. 


Four-figure starting salaries will be considered 
except for two or three positions on the approxi- 
mate scale {700-{950. No age limits have been 
fixed but some preference will be given to men 
between 30 and 40. Applications, containing full 
details of qualifications, experience and age, should 
be sent to Personnel Officer, G.E.C. Research 
Laboratories, North Wembey, Middlesex. 

W 2344 


ASSISTANT required for more advanced 
analytical studies in telecommunications. Natural 
Sciences or Mathematics Degree and some industrial 
experience desirable. Write, stating qualifications 
and salary required, to Box No. W 2345. 


SENIOR DRAUGHTSMEN required with the 
following experience : Two required with experi- 
ence of radar, electronic equipment and chassis 
work. Four required with experience of light 
precision engineering and electrochemical 
mechanisms. One required for preparation of 
patent drawings and with experience of this type 
of work. Education to H.N.C. standard or 
equivalent. Write, stating age, experience and 
salary required, to Personnel Manager, Sperry 
Gyroscope Co., Ltd., Great West Road, Brentford, 
Middx. W 2331 


UNIVERSITY Students taking Finals in Physics 
or Engineering during the coming summer may be 
interested in vacancies at the Research Labora- 
tories of The General Electric Co., Ltd., North 
Wembley, Middx. Details will be sent to applicants 
who send particulars of their record and age to the 
Personnel Officer. W 2330 


SENIOR DEVELOPMENT Engineer required 
for work on pulse and frequency modulated tele- 
metering projects. Must be thoroughly familiar 
with pulse circuit practice and measurement and 
capable of working on own initiative. Apply by 
letter, giving full details of training, experience 
and salary required, to J. Langham Thompson 
& Co., Springland Laboratories, Stanmore Hill, 
Middlesex. W 1114 


THE ROYAL TECHNICAL COLLEGE, 
Glasgow. Department of Electrical Engineering. 
A vacancy exists for a Lecturer with particular 
interest and experience in Light-Current subjects, 
salary scale, {600 by {£50 to £1,150, with an 
efficiency bar at £850. Preference will be given to 


candidates with industrial experience. Research 
is expected and facilities provided. Application 
forms from the Secretary. W 2329 


Electronic. Engineering 


THE ROYAL TECHNICAL COLLEGE, 
Glasgow. Department of Electrical Engineering. 
A vacancy exists for a Senior Lecturer in Elec- 
tronics. Salary scale, £1,150 by £50 to £1,450. 
The person appointed will be responsible to the 
Professor for courses in Electronics up to Honours 
Degree Standard, and will be expected to undertake 
research, to participate in advanced lecture 
courses, and to supervise research students. 
Candidates must have good academic and/or 
industrial research experience, and _ should, 
preferably, hold a higher degree and have good 


experience in ultra high-frequency technique. 
Particulars and application forms from _ the 
Secretary. W 2328 
ELECTRONICS. Large Aircraft Company has 


vacancies for specialists in Electronics. Applicants 
should not be under 27 years of age nor have less 
than five years’ experience since qualifying. 
Responsible positions are offered in connexion 
with important research and development work. 
Applications, stating date of birth, qualifications, 
experience, present job and salary, should be sent 
to Box No. W 2337. 


DEVELOPMENT ENGINEER, H.N.C. 
Standard, required by Radio and Electronic 
Component Manufacturer in S.W. London. 
Laboratory experience essential, preferably in 
similar field. Details, including salary required, 
to Box No. W 2327. 


DESIGN ENGINEER required for work on 
instrument design. London area. Applicants 
must have had considerable drawing office experi- 
ence in the design of small mechanical and electro- 
mechanical instruments, preferably for aircraft. 
Salary, £625-£725 per annum. Write, stating age, 
full particulars of experience and qualifications, 
to Box No. W 2326 


DRAUGHTSMAN required for interesting work 
on. advanced television and electronic apparatus. 
Experience in this field desirable. A.E.S.D. 
London rates applicable. Write, stating age and 
experience, to Cinema-Television Ltd., Worsley 
Bridge Road, Lower Sydenham, London, S.E.26. 

W 2325 


TECHNICAL SALES Engineer required for 
electronic instrument department of large concern. 
He should possess a good Science or Engineering 
Degree or equivalent and have had at least three 
years’ industrial experience. A general knowledge 
of electronic applications is desirable. London 
area. Salary according to qualifications and 
experience. Box No. W 1122 


JUNIOR TEST Engineer of Graduate Grade 
required by firm in S.E. Essex, for circuit develop- 
ment work on television and radio test equipment. 
Good technical qualifications necessary, but 
previous industrial experience, although preferable, 
not essential. Salary according to ability. Write, 
giving age and experience, to Box C.706, Willings, 
362, Grays Inn Road, London, W.C.1. W 2348 


TELEVISION ENGINEER required as assistant 
in Laboratory engaged in work on television 
cameras and similar projects. H.N.C. or C. & G. 
Final standard with experience in similar field. 
Particulars, salary required, age, to Cathodeon 
Ltd., Church Street, Cambridge. W 2349 


CAMBRIDGE INSTRUMENT CO., Ltd., has 
a vancancy in its Research Department at Cam- 
bridge for a Physicist with good knowledge of 
electronics, able to tackle design problems and to 
lead younger Graduates. Apply, in writing, giving 
details of education, experience and salary required. 

W 1108 


BELMONT HOSPITAL, Brighton’ Road, 
Sutton, Surrey. Senior Technician required for 
Department of Electro-Physiology. Duties will 
include maintenance and supervision of two 
6-channel_ electro-encephalographs and wave 
analyser, and design and construction of auxiliary 
electronic apparatus for research purposes. The 
department has an instrument workshop and 
offers opportunities for development of electro- 
physiological apparatus and research. Applicants 
should be over 21 years of age, and have some 
qualifications in Physics or Electrical Engineering 
of A.M.Brit.I.R.E. or equivalent standard. Com- 
mencing salary, £450 per annum. Applications, 
giving age, details of experience and qualifications, 
with names of two referees, should be sent to 
Physician Superintendent, of the hospital. 

W 2350 


June, 1950 


ELECTRICAL ENGINEER or Physicist, with 
experience of the manufacture of valves or cathode- 
ray tubes, and with Higher National Certificate, 
or equivalent, is required by an X-Ray Tu 

production unit for Technical Control work. 
Apply to the Personnel Officer, G.E.C. Research 
Laboratories, North Wembley, Middx., stating 
age and record. W 2351 


UNIVERSITY OF EDINBURGH. ~ Applica- 
tions are invited for the post of Lecturer in the 
Department of Engineering, to commence duties 
on 1st October, 1950. The salary will be between 
£600 and £1,000 per annum, depending on qualifica- 
tions. Applicants should possess an Honours 
Degree in Electrical Engineering or Physics. 
Research experience is an essential qualification, 
preferably in Electronics or Radio Communications, 
and full details of published work should be given. 
Applications, with the names of two referees, 
should be received not later than 17th June, 1950, 
by the Secretary to the University, from whom 
further particulars may be obtained. W 2353 


ENGINEER required immediately for design and 
technical supervision of maintenance of test 
equipment for radio valves, cathode-ray tubes and 
photocells, etc. Higher National Certificate 
standard or equivalent ; some practical experience 
essential. Apply, giving full particulars of 
experience, age, etc., to Personnel Superintendent, 
The Edison Swan Electric Co., Ltd., Cosmos 
Works, Brimsdown, Enfield, Middx. W 2356 


TELEVISION Development Engineer, with at 
least four years’ laboratory experience in the 
development of vision and sound receivers, required 
to fill a vacancy in a new section. Applicants 
should have commercial experience in the design 
of such equipment for production. Apply, in 
writing, giving age, qualifications, details of 
experience, salary required, etc., to the Personnel 
Department, Cinema-Television, Ltd., Worsley 
Bridge Road, Lower Sydenham, S.E.26. 

W 2357 


AGENTS WANTED for industrial electronic and 
electro-medical equipment in South East, Midland 
and Northern Areas. Car considered essential. 
Generous commission. State age, technical 
knowledge and present agencies. Box No. W 1106. 





SITUATIONS WANTED 


PRACTICAL ENGINEER layout and construc- 
tion all types valve operated equipment from 
theoretical diagram, without supervision. Working 
drawings. Final diagrams. Desires post, London 
area. Box No. W 1076 


SALES REPRESENTATIVE, Technical, 30, 
long experience telecommunications,  electro- 
medical, industrial instruments and recorders. 
Proved sales record, excellent references. Box 
No. W 1115. 





FOR SALE 


TELEVISION. The trade is invited to contact us 
for P.M. focus rings, televisor R.F. and deflector 
coils, Low C line transformers, and new iron- 
cored inductances of high upper frequency limit 
and remarkably low ECH loss. Value for money 
assured, quality precludes low prices. Bel Sound 
Products Co., 10, Marlborough Yard, Marlborough 
Road, Upper Holloway, London, N.19. W 110 


WEBB'S 1948 Radio Map of World, new multi- 
colour printing with up-to-date call signs and fresh 
information ; on heavy art paper, 4s. 6d., post 6d. 
On linen on rollers, 11s. 6d., post 9d. W 102 


AMERICAN MAGAZINES. One year post 
free. ‘“‘ Radio Electronics,” 32s. 3d.; “ Audio 
Engineering,” 28s. 9d.; ‘‘ Radio and Television 
News,” 36s. ; “ Popular Science,” 28s. 6d. S.A.E. 
for full list from Willen Ltd. (Dept. 9), ror, Fleet 
Street, London, E.C.4. : W 2214 


OSCILLOGRAPH, Cossor 1035, brand new, six 
months’ guarantee left; £55. Jones, 36, Willow 
Way, Radlett, Herts. W 1095 





CLASSIFIED ANNOUNCEMENTS 
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An achievement 
of some magnitude in 
diminutives 
‘The new $6.0. GERMANIUM CRYSTAL 
(MUCH ENLARGED) 
POINT OF CONTACT GERMANIUM CRYSTAL 
4 le 'e (CEMENTED) 
Germanium Crystal 
Rectifiers 
TWO COLOURS RED END 
Designed for soldering 
: . ; <————— } INCH_ APPROX ——___> 
into circuits (2-7 m/m) 
1. Provides a high frequency Diode 
iri heati s 5 
2. vey pon Fag prea hg ooh The General Electric Company Ltd. welcomes, 
3. Of low forward and high reverse and will give sympathetic consideration to 
impedance. sa wae 
4. Extremely low shunt capacitance — enquiries to meet specialised requirements and 
only 1PF. te ae pager 
5. So constructed as to give a unit of high agents — apne. : Wels aut atk 
stability and consistency. for particulars of types available to Osram 
6. Outstanding in its property to resist : 
severe mechanical shock or vibration. Valve and Electronics Dept., Magnet House, 
7. Indefinitely long life. Kingsway, London, W.C.2. 





THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, W.C.2. 
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MERCURY SWITCHES are made by Hall 
Drysdale & Co. Ltd., of 58, Commerce Road, 
Wood Green, London, N. 22. Phone BOWes 
Park 7221-2. W 107 


AUTOMATIC Voltage Regulators for AC mains. 
Ferranti 7.5 KVA; moving coil; frequency com- 
pensated ; undistorted output waveform. Tapped 
to suit any nominal supply between 200 and 250 V, 
t ph, 45 to 66 cps. Input voltage may vary from 
88 per cent to 108 per cent of nominal. Output: 
100 per cent + $ percent. Complete with voltmeter, 
spares, handbock. Brand new, in original oiled 
paper wrappers and export packing cases, Gov’t 
surplus. Offered at a fraction of normal cost. 
Overseas enquiries invited. P. B. Crawshay, 166, 
Pixmore Way, Letchworth, Herts. W 2355 


REWINDS and Conversions to mains and outputs, 
trans., pick-ups, fields, clock coils, etc., from 
4/6 P. yf ———— a speciality ; ; all work guaran- 

Red. N. L. Rewinds, 4, Brecknock Road, N. 7. 
W 1091 


CRYSTAL Microphone 
Mic-6). Guaranteed brand new, 
Radio Aid Ltd., 29, Market 
*Phone : WATford 5988. 


AUTOMATIC COIL WINDER, model ETA Q, 
fitted with latest wire feed carriage winds, 16 
S.W.G. to 47 S.W.G., complete with foot clutch, 
+ h.p. motor, pulley wheels and reel holder. £49, 
carriage paid. D.E.S., 127, Darncombe Street, 
Moss Side, Manchester. W 1104 


Inserts (Cosmocord 
15s. 6d. post free. 
Street, Watford. 

WV 1112 


200 OSIRA Fluorescent Chokes, 80 and 400 w., 
brand new. Large range of ex-Govt. mercury, 
discharge and filament lamps. Suplex Lamps 
Ltd., 239. High Holborn, London, W.C.r. 

W 1105 


ELECTRONICS. Write to the firm which 
specialises in electronic equipment for your 
requirements in relays, valves, thyratrons, photo- 
cells, electron multipliers, special C.R.T., image 
converters, selsyns, velodynes, etc., as well as all 
components. A. McMillan, 5, Oakfield Road, 
Bristol, 8. W 1102 


UTILITY RADIOS, medium wave, four new 


valves, 200-240V. A.C. superhet, 4 Gns. ; bench 
grinders, 3 in. wheel, 230V A.C., ex-Govt., 37s. 6d. 
metal rects., O.P., 12V at 5 amps., TBs. gd. : 
fluorescent glow-type starters, S.B.C. or M.ES., 
best make, 30s. doz.; 5U4G valves, 4s. 6d.; 
80 watt Quickstart Ballast, 210-230V, 515s. 


Arcade, George 
W 1107 


Malden Transformer Supplies, The 
Street, Richmond, Surrey. 


CINE-VOX disc recording machines, type C7] ; 
a precision-built unit in chassis form, fully 
assembled and ready for immediate 5 in. to 13 in. 
recordings from existing amplifier and microphone 
equipment or from conventional radio or radiogram 
apparatus, price 25 Gns. ex-works; complete 
recording channels with amplifier and moving-coil 
microphone, from 60 Gns, Write for details to 
Kine-Technic Services, Ltd., 60, Aylward Road, 
London, S.W.20. Tel. : LIBerty 2426. Callers by 
appointment only. W 1110 
TELEVISION. All 


parts in stock for E.E. 


televisor, Haynes scan and focus coils; line 
trans. model on view. H. G. Radio, 1350, Stratford 
Road, Birmingham, 28. V 1113 
WALKY TALKY, all-dry, brand new, miniature 
7-9 Mc/s., 65s. each; two 6o0W transmitters, 
15 Gns. each. Collins Radio, 24, Lilyville Road, 
S.W.6. RENown 4178. 1100 


FOR SALE. 
point 20 by 
per 100, F.O.B., 
France. 


10,000 screws for wood, gimlet 
120, new, first quality, 3,250 francs 
Dunkirk. Est-Me taux, Amneville, 

W 2338 


TELEVISION, 1928-1939, Vols. I-VI (bound), 
VII-XII1 (unbound). Also odd numbers, Daly, 
Babraham Hall, Babraham, Cambridge. W 1097 


I.P.R.E. Technical Publications. 5,000 alignment 
peaks for superheterodynes, 4s. 9d. post free; 
“The Practical Radio Engineer,” quarterly 
publications of the Institute, sample copy, 2s. post 
free ; membership and examination data, 1s. post 
free. Secretary, I.P.R.E., 20, Fairfield Road, 
London, N.8. W 2320 
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VALVES. Guaranteed new and boxed. Few 
Government surplus, 6L6, 8s. 6d.; 78, 6s. 3d. ; 

6F6, 5s.; 6J7, 4s. 9d.; EL33, 8s. 6d.; 6K8, 
5s. 6d.; 607, 5s. 6d.; 6K7, 4.5 9d.; 6]s, 4S. ; 
ON7, 5s. 6d.; 6C5, 5s. 6d.; 6X5, 4s. gd. ; VU39, 
6s. 3d.; EF39, 5s. 6d.; 25L6G, 6s.; KTW6r1, 
4s. od.; 5Y3, 6s. 3d.; KT44, 5s. 6d.; 6V6, 
4s. gd.; EBC33, 4s. 9d.; Ux8, 6s. 3d.; 5U4G, 


5s.; 5Z4, 48. 9d.; 14F6G, 4s. gd. ; 6SG7, 4s. 6d. ; 








VU111, 4s.; SP4, 4s. gd.; 6SH7, 3s. 6d.; 807, 
4s. 9d. ; SP61, 3s. 6d. SP41, 38. 6d. E A50, 38. ; 
EF50, 6s. ; 6H6, 2s. od. ; EL32, 4s. ; 2, 4S. 3 





6a. hectane paid, 
Wholesale only. Send for list 
William Carvis, 103, 
W i121 


ECH35, 6s. 6d. 
C.W.Q. or C.O.D. 
of over 500 Radio Lines. 
North Street, Leeds, 7. 


VU39, 6s. 


PORTABLE 3-valve ex-lifeboat, self-contained 
receivers, easily converted from shipping to 
broadcast wavelength, 14s. 6d. each, 1s. postage. 
Thornham Boatyard, Emsworth, Hants. W 1109 


M/COIL MICAPHONES, new, boxed, 
Valves VR54, VR65, AVRoz2, all 2s. each. 6J5, 
VR65, 6SU7, 6AC7, 3s. each.; EF50, 6L6, 5U4, 
6s.each, new, boxed; XTAL 21-22, 101 Sylvanic, 
3s. 6d. each. 2-pin piugs, sockets, 6d. complete. 
V/Controls, 2s. each. Belling & Lee plugs, 5-pin 
and 7-pin and sockets, 6d. each, C.W.O. Harry 
White Amateurs Paradise, 155, Humberstone 
Road, Leicestershire. W 1123 


TELEVISION. 
Master and EE designs stocked. 


Is. each. 


All components for the View 
London and 


Birmingham models. Send for list. M. Watts 
& Co., 8, Baker Street, Weybridge, Surrey. 

W 1119 
CONDENERS, 0.01 mfd. 5,000 wkg., 0.02 
8,000 wkg., Can type, 2s. 6d. each. Amateurs’ 
Paradise, 155, Humberstone Road, Leicester. 

W 1125 
VALVE BOXES, new, 7 1,000, 25S.; 2,000, 
458.; 5,000, £5. Cw. ,,. Kine pA scm 
Tnatinn. 155, Humberstone Road, Leicester. 

W 1126 


AMPLIFIER, A.C./D.C., new, 5-watt output. 
original price, 19 Gns., our price 10 Gns.; New 
Century guitar pick-up unit, reduced from £3 6s. 
to 35s. Hessy’s Ltd., 20, Manchester Street, 
Liverpool, 1. W 1127 
SOUTH BUCKS. Well-established high-class 
Radio, Television, and _ Electrical Business. 
Excellent mod. premises. D/F shop, spacious 
showroom, workshop, garage, etc. Long lease at 
low rent. Prominently situated in busy town. 
Sole and other agencies from Leading Makers. 
Turnover, £9,000 per annum (could be considerably 
increased). Genuine reason for selling. Price, 
£8,000, S.A.V. Apply Box No. W 1124 


NEW PLASTIC CABLE, labelled with yardages, 
etc., at 1s. 3d. per Ib. ; 1 cwt. lots or over, 1s. Ib. ; 
Morse Code signals (Buzzers), 2s. each. Lewis, 44, 
High Street, Whitechapel, London, E.1. W 2352 


Send for full lists 
equipment, 30/31, 
V 1128 


JACK PORTER Ltd. (Radio). 
of new and ex-Government 
College Street, Worcester. 
VALVES. VU508, 5s.; VUur11, 5s. 6d.; 
1s. 6d., etc. o.5UF 7KV_ condensers, 4s. 6d. 
Headphones, 4,000W, 7s. P.O. transformers, 
TR48H, 1s. 6d. Write for list, Box No. W 1129. 


7193, 


TAPE RECORDING PANELS. A precision 
finished panel comprising two motors, high fidelity 
sound and erase head, high-speed capstan of 
unique design giving two speeds of 7$ in. and 15 in. 
per sec., suspended between ball races with heavy 
flywheel to insure freedom from wow ; no unlacing 
of tape for rewind ; panel finished in black crackel, 
size 12 in. by 14 in. by 6 in. deep, £20. High 
fidelity heads, as fitted on our panels record/play- 
back, £4 10s.; Erase head, £4 10s.; } in. tape 
heads, standard type recrod/playback, {1 10s. ; 
erasing head, {1 1os.; Osc. coil 15s.; head to 
grid transformers, 7s. 6d. Circuits supplied free 
with orders. Trade inquiries invited. Morecambe 
Sound Service, Sealand Works, Cross Cop, More- 
cambe. Tel.: HEYsham 570. W 1130 


MAGSLIP HUNTERS. 
in tins, 9s. 6d. K. Logan, 1, 
Herts. 


2 in. Mk. I, brand new 
Westalley, Hitchin, 
W 2354 
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WOODWORK of all descriptions, large and small 


quantities: your enquiries invited. Repetition 
Woodworks Ltd., Old Roller Mill, South Darenth, 
Kent. NV 1132 


MAGNETIC TAPE. Emitape, 25s. per spool, 
1,200 ft. Disc recording machines and blank 
discs, ribbon and M/C. microphones, amplifiers, 
tape+desks, etc. Full trade terms available. 
Delivery from stock. Sound Discs (Supplies) Ltd., 
178, Bispham Road, Southport, Lancs. Telephone: 
8153. W 1096 





EDUCATIONAL 


CITY AND GUILDS, (Electrical,) etc., on “‘ No 
Pass—No Fee” terms. Over 95 per cent successes. 
For full details of modern courses in all branches of 
Electrical Technology, send for our 112-page 
handbook—free and post free. B.I.E.T. (Dept. 
337C), 17, Stratford Place, London, W.1. “i 

J 100 





SERVICE 


GLASSBLOWING, repetition and scientific, b 
Hall Drysdale & Co. Ltd., of 58, Commerce Road, 


Wood Green, London, N.22. Phone BOWes 
Park 7221-2. W 109 
SPECIAL Receivers, test gear, electronic 


apparatus, experimental and design work. If you 
have a problem which needs expert handling, write 
in first instance, to J. Mort, B.Sc., A.M.I.E.E. 
42, Barn Lane, Golborne, Nr. Warrington, Lancs. 
III7 


TELEVISION, radio and amplifier repairs or 
modifications ; home-built receivers aligned and 
tested; quotations by return; any type trans- 
former or coil supplied. Bernards, 12, Chelverton 
Road, Putney, London, S.W.15. PUT. 6538. 

W i111 


ARMATURE and motor repairs of all descrip- 
tions; vac. grinders, drills, gram. motors, split 
phase, transformers rewound ; lowest quotations 
and speediest service; new commutators and 
bearings supplied and fitted. W. D. T., 77, Gt. 
Western Street, Manchester, 16. W 1103 


REWINDS. Our Winding Dept. having been 
extended and re-equipped with the latest machines, 
now offers an unrivalled service. All types of 
transformers, field coils, chokes and solenoids, 
other than wave wound, promptly rewound as an 
exact replica or to your specification, incorporating 
the following special features :—Layers paper 
interleaved ; wound with Lewmex insulated wire ; 
vacuum impreganted ; full comprehensive testing 
during all stages of rewind and final high voltage 
interwinding insulation test of at least 2KV; 
connections made to tag panels or left to required 
length, colour coded ; smart external appearance. 
Send, quoting name and model of receiver or 
giving particulars of requirements with number 
and types of valves used. To Aish & Co., Ltd., 
Vanguard Works, Poole, Dorset. Tel. : Poole, 600. 

W 1131 





WANTED 


WE WILL BUY at your price used. radios, 
amplifiers, converters, test meters, motors, pick- 
ups, speakers, etc., radio and electrical accessories. 
Write, phone or call, University Radio Ltd., 22, 
Lisle Street, London, W.C.2. GERrard 4447, 
103 


ELECTRONIC ENGINEERING, Jan., 1950, to 


date. Several sets required for cash. Stechert- 
Hafner Inc., 2, Star Yard, Carey Street, W.C.2. 
or HOL. 0526. W 1116 





PATENTS 


INVENTORS if you wish to protect your inven- 
tion you should take steps to protect it by a U.S. 
patent. Whether an invention is patentable can 
be substantially determined by a search of the 
U.S. Patent records. Without obligation, write 
for information explaining the steps you should 
take to secure a patent. George B. Oujevolk, 509, 
Fifth Avenue, New York 17, N.Y. W 2263 
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isan | An Indirectly Heated Miniature Battery Diode 


orating 
paper 
one RATING For use in F.M. discriminator circuits and other 
voltage 
vOKV; Heater Voltage ie re 1.4 volts 


“4 ; d . . . . . 
arance. Stentan Chnneiet belie a 0.15 amps applications where an indirectly heated cathode is 
iver or 
number Maximum Anode Voltage (RMS) 130 volts f 5 d 
.. Ltd., essential. Having a resonant frequency (with no 
Weest Maximum P.LV. .. aC 365 volts 


ae Max. Peak Anode Current .. 5.0 mA external shield) of approximately 1,000 Mc/s. it is 
Maximum Mean Anode Current 0.5 mA 


oO Max. Potential Heater/Cathode 100 volts D.C. eminently suitable for U.H.F. work. 


sori. BASE B7G LIST PRICE 11/6 


47. 
W 103 
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MAZDA — 
ck RADIO VALVES AND GATHODE RAY TUBES 


Ik, 509, THE EDISON SWAN ELECTRIC COMPANY LIMITED, 155, CHARING CROSS ROAD, LONDON, W.C.2 
(RA2I0) 
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Mullard 


REVIEW OF NEW AND CU 





NT VALVES 





MULLARD MINIATURES. The Mullard range of miniature valves on the B7G (7-pin button) base includes both mains 
(“‘E”) and battery (“D"”) types, and meets most requirements for miniature telecommunication receivers, industrial 
electronic equipment and light-weight miniature measuring instruments. The present range includes the following :— 


EY91 Half-wave Rectifier 
EC91 V.H.F. Grounded-grid Triode 
EF91 High Slope, Sharp Cut-off R.F. Pentode (6AM6) 
EF92 Vari-mu, R.F. or I.F. Pentode 
EAC91 Diode Triode for frequency-changing up to 
300 Me/s 

Screened Double 
cathodes) 
EL91 Output Pentode (6AMS5) (1.4W Output) 
ECC91 V.H.F. Double Triode (6J6) (physical common 

cathode) 


EB91 Diode (6AL5) (separate 


A RANGE OF INDUSTRIAL PHOTOCELLS. The Mullard range of all-glass photocells finds a 
particularly wide range of applications in industry and research. The types with caesium/silver- 
oxide cathodes (type C), have a high sensitivity to incandescent light and near infra-red radiation 
and are particularly recommended for applications where a high output is required. For colour 





Cathode Surface 


Sensitivity 
Type (uA/1) 





“Vacuum 
Gas-filled 
Vacuum 
Gas-filled 
Vacuum 
Vacuum 
Vacuum 
Gas-filled 

















Wire-in 








DK91 Vari-mu Heptode Frequency Changer (1R5) 
DF91 Vari-mu R.F. or I.F. Pentode (1T4) 

DF92 Sharp Cut-off R.F. Pentode 

DAF91 Single Diode Pentode (185) 

DL92 Output Pentode (354) (0.27W Output) 

DL93 A.F. or R.F. Output Pentode (3A4) 

DL94 Output Pentode (3V4) (0.27W Output) 
DA90 R.F. Diode (1A3) 

DCC90 R.F. Double Triode (3.45) 

2D21 Gas-filled Tetrode (Vh=6.3V) 


matching and photometric applications, 
photocells with  caesium/antimony 
cathodes (type A) are available, with a 
particularly high sensitivity to daylight 
and radiation throughout the visible 
colour spectrum, The end-view photo- 
cell 58CV, is intended for use in compact photometric units 
where conservation of space is of utmost importance. 








PRINCIPAL CHARACTERISTICS 





MULLARD DISC-SEAL TRIODES FOR U.H.F. 


For applications such as 
U.H.F. links, local oscillators, 
and wide band applications 
such as multi-channel com- 
munication systems, radar 
altimeters, etc., the use of 
frequencies up to 1500Mc/s or 
even 3000Mc/s is often re- 
quired. The Mullard Disc-Seal 





MEI001 





Heater Voltage (V) 
Heater Current (A) 
ax. Anode Voltage (Vv). 
Max. Anode Dissipation (W) . 
Max. Anode Current (mA) 
ioe Peak Anode Current (mA) 
Power Output (W) on 0.5 
(at TT Mc/s) 


(at 500 Mc/s) 
6 
30 


6 

(at 1500 Mc/s) 
20 

(at 430 Mc/s) 
20 
30 





Mutual Conductance cowie 
Amplification Factor... 











Triodes have been designed 
specifically for such purposes. 


5 In the ME1001, adequate 
cooling and low inductance are combined in the 
design of the anode and grid discs to give an anode 
dissipation of 10 watts and an upper frequency 
limit (as an oscillator) of 3750-3500Me/s (8-8.5cm). 

The ME1003 is basically similar in design to the 
ME1001, but the larger electrodes permit an anode 
dissipation of 25 watts. However, the larger 
clearances necessary to obtain this value, limit 
the upper frequency to 2500Mc/s. 





If you require full technical data on any of the valves 
described in this review, please check this form, pin to your 
letter heading and post to the address below. 


Miniatures 
Industrial Photocells 
Disc-Seal Triodes for U.H.F. 


Signature 


MULLARD ELECTRONIC PRODUCTS LTD., CENTURY HOUSE -SHAFTESBURY AVENUE, LONDON,W.C.2 
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VARIABLE AIR CONDENSER 
TYPE A-430 


A component for building into your 
own measuring equipment or an 
instrument for use on the bench. 


Light, rigid construction, smooth, even 
control and small electrical losses are 
qualities which you will look for and 
find in these Condensers. 


They are available in aluminium boxes 
of MUNIT construction for bench use 
or with cylindrical metal covers for 
panel mounting. 


SS PSR O RR nena ee ee Bu 


“he 
¥ 


SPECIFICATION 
CONSTRUCTION ...... Aluminium throughout. 
CAPACITANCELAW S.L.C. 





INSULATION ..... .« Frequentite. 
BEARING Sprung ballraces and a friction pad. 
DRIVE =. 5 Ss Direct or 50:1 reduction. 
PRS See) ce 4’ dia. silvered. 


CAPACITANCES. .... From 100 be pF to 1,000 pp F. 


Full details will be sent on request. 





MUIRHEAD | = 








Muirhead & Co. Limited, Elmers End, Beckenham, Kent. Telephone : Beckenham 0041-2 
FOR OVER 60 YEARS DESIGNERS & MAKERS OF PRECISION INSTRUMENTS 


C.R.C.33 
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Valves for Research 
and Development 





More than twenty years of intensive research work lie behind 
the BTH valves now in production. Reliability in use is ensured 
by careful testing of materials and highly-skilled assembly. A 
very wide range is available, especially for radar and industrial 
applications. 


~ BRITISH THOMSON-HOUSTON 


RUGBY, ENGLAND 
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Television 


MASK 








Utilising processes that give 


SECTIONAL 
an extremely high finish 


VIEW 


x 

% A section that gives full 
progressive damping of vibrations 

k 





Fixing methods that are unique 





EMPIRE RUBBER COMPANY - 


IN ASSOCIATION WITH RUBBER BONDERS LTD 
(PROPRIETORS : H.G.MILES LTD) 


DUNSTABLE - BEDFORDSHIRE - ENGLAND 


TELEPHONE : DUNSTABLE 533-336 (4 Lines): TELEGRAMS : SPANDIT . OUNSTABLE .. 








RB 74, 
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MECHANICAL 
PUMPS 


FOR MANY PURPOSES, Kinney Com- 
pound High Vacuum Pumps _ have 
rendered diffusion pumps unnecessary. 
Extremely rapid pump-down by both 
single-stage and compounded pumps, 
alone or combined with diffusion 
pumps, has greatly reduced production 
times. They are already extensively 
used for exhausting lamps, valves and 
C.R. tubes ; sintering metals ; coating 
lenses, reflectors, plastics and di- 
electrics by evaporation and deposition 





of metals and non-metallic compounds; 
dehydrating oils and foods ;_ producing 
drugs. If vacuum technique is or can 
be used in your processing, Kinney 
Vacuum Pumps hold out greater profits 
before you. 


Absolute pressures of 0°5 
microns . . . compound 
pumps 10 microns... 
single stage continuously 
maintained. 


June, 1950 


STATION WORKS, 


London Office : 
THIRD FLOOR, 9 VICTORIA ST, LONDON, S.W.1. 


BURY 


ROAD, RADCLIFFE. 





Hopwood 
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The Metrovick 
Stabilised D.C. Power Unit 


N laboratories and meter testing 

stations there is often a demand 
for a highly stable d.c. voltage supply. 
The Power Unit, Type 222, has been 
produced to satisfy this demand. 






























SPECIFICATION 
Supply : 200/250V, A.C., 50 c/s., 
single-phase. 
Output: Between 660 and 680 volts 
D.C. (fixed) at up to 250 mA. 
Stability: |§ Maximum drift over 10 min-4 
parts in 100,000. 
Maximum drift over 1 hr-1°5. 
parts in 10,000. 
These figures apply for mains 
input changes not exceeding 
+ 5% after warming up 
period of two hours. 
Output Impedance: Better than 0-1 ohm. 
Output Ripple: Approximately 2mV r.m.s. 








Stabilised D.C. Power 
Unit, complete with 
Voltage Divider Type 292 





Wy 


METROPOLITAN-VICKERS ELECTRICAL CO. LTD. 
TRAFFORD PARK, MANCHESTER 17 





R E 004 
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Announcing the 
“Belling-Lee” B7G and 


= | B9A(Noval) valveholders 


me ee 4 4 
teas R . c 5 4 oe CHASSIS 


we Vries a yi oe DRILLING 





, 


versions of 


At the time of going to press the ‘‘ Belling-Lee’ 
these valveholders have reached their final tool making stage and 
we hope small production will commence within a few weeks 
and full production in two to three months. 

It is intended to supply the holders with either fixing flanges 
or skirts to take the standard screening cans. 

We anticipate that these types will meet the requirements of 
the services, of the electronic instrument manufacturer and 
perhaps a few of the manufacturers of the more expensive 
domestic receivers. They are intended to fill the gap between 
the cheaper types and the very expensive P.T.F.E. holders but 
are likely to prove too expensive for cheaper commercial 
receivers. The insulators are moulded from high quality nylon 
filled powder and a new flat type screen is incorporated giving 
the desired screening between contacts, and this can be cut 
down if necessary for application where space is limited. 


B7G illustrated above The contacts are made of silver plated beryllium copper 

L718/F with Flange differentially hardened to obtain the best possible contact 

L718/S with Skirt pressure. The solder tags remain annealed and are tin dipped 
for ease of soldering. 

B9A Full technical details will 

L720/F with Flange be announced at the earliest 


L720/S with Skirt 
(Inter service reference 
numbers pending) 


opportunity 


BELLING ¢ LEE LID 





CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX., ENGLAND 
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A. C. COSSOR LTD., 


Further details obtainable on application to : 
INSTRUMENT DIVISION. 


HIGHBURY, 





LONDON, N.5 


cill 
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PERMALLOY ‘ C’ . 
for highest initial permeability. 

Useful for wide frequency band 
transformers, current transformers, 
chokes, relays and magnetic shield- 
ing. 


PERMALLOY ‘B’ 
for higher flux densities than Perm- 
alloy ‘C’ and high incremental 
permeability. Suitable for low 
power and intervalve transformers. 


PERMALLOY ‘ D’ y 
for very high resistivity without 
undue lowering of maximum flux 
density or of the Curie point. Small 
variation of permeability with fre- 
quency. Ideal for H.F. applications. 


V—PERMENDUR 
for high permeability with unusually 
high flux density. Specially applied 
to high quality diaphragms and 
pole pieces 


Standard Magnetic Materials, which have been steadily 
improved and extended in range over many years, are 
produced by a Company which has the unique advantage 
of being also a large scale user of these materials. 































~ 








Srondard Telephones and Cables Limited 


(Registered Office: Connaught House, Aldwych, London, W.C.2) 


NORTH WOOLWICH, LONDON, €E.16. 


(Telephone Line Division) 


Telenhone: Albert Dock 140% 


ian 9 : 
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KF. Heaters for 
all Purposes 


Since they staged the world’s first exhibition of 
Industrial R.F. Heating at Dorland Hall, London 
in September 1945, Redifon have remained : 







pre-eminent in the development of the technique 
and its application to industry. 
The Redifon range of equipment includes :— 


Dielectric Heaters: 350 watts, 1.2kW., 1.7kW., 
5kW., 7kW., 10kW., 25 kW. 


Induction Heaters: 1.2kW., 7kW., 14kW., 30kW- 
Plastic Welders: 350 watts, 2kW. 
Strip Heater : 3kW. 


A number of standard auxiliary process 
units is also available and the Applications 
Section is constantly designing and making 
special handling gear for individual 
requirements. The unrivalled experience of 
Redifon is at the disposal of consultants, 
research and design engineers, production 
engineers and managements in all industries. 


_— eS SC SS 
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Kedifon HEATING 
INDUSTRIAL ELECTRONICS DIVISION 
REDIFON LIMITED, BROOMHILL RD., WANDSWORTH, LONDON, S.W.18 


Phone: VA Ndyke 5691 Designers Manufacturers of Industrial Electronic and Radio Ci ications Equi: 


iP 
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"I a ra To this age-old teaser there is but one 
N AS . y Fa answer — measure it ! 
‘ eight It’s the same with an amplifier, its perfor- 
ys mance cannot be judged merely by visual 
“ it inspection; measurements must be made 


which are far more involved than the 
measurement of string... 


The ‘CINTEL’ SQUARE WAVE & PULSE GENERATOR 


enables the response and 
transient characteristics 
of an amplifier to be 
, determined in a matter 
of minutes. 





For full technical details 
and further applications 
of this instrument, please 
write for leaflet No. 
S.W.G.1/1. 





























CINEMA - TELEVISION LIMITED 


A Company within the J. Arthur Rank Organisation 
FOREMOST IN THE MANUFACTURE OF 


@ Counters & Chronometer; @ Meta! Detectors ©@ Oscilloscopes @ Photo-Electric 
Cells @ Cathode Ray Tubes @ Geiger-Muller Tubes @ Electronic Instruments 
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Family 


In the full range of Ferranti Electrometers there are 
ten different single or double valves — all indirectly 
heated. 

2 volts 345 mA 

Heater ratings 4 volts 240 mA 

8 volts 126 mA 
On International Octal Bases 
Control grid currents less than 3 x ro" amps. 


Ferranti Ltd. 


= ELECTRONICS DEPARTMENT, MOSTON, MANCHESTER IO 





FERRANTI 
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— about the switch that is superior 


‘OAK’ switches—both rotary and push button 
types—were embodied in the majority of receivers 
displayed at Radiolympia. 


Throughout the radio world, the time-tested basic 
‘OAK’ principles are recognised and acknowledged as 
superior. They form the basis for the standard inter- 
service wafer type switch to Specification RCS.151 of 
the Radio Components Standardisation Committee. 


The new miniature types, embodying all 
‘OAK’ basic features, bring the range 
available in line with today’s require- 
ments for miniaturised equipments. 


OAK # 


SWITCHES 





@ Self-aligning floating rotor. 


@ Dual contact surfaces ensure low 
contact resistance throughout 
long life. 


@ Fixed contacts of special spring 
alloy, heavily silver-plated as 
standard; silver alloy available 
if required. 


@ Single or multiple wafer con- 
struction. 


@ High grade S.R.B.P. or low-loss 
ceramic insulation. 


Cther British N.S.F. Products include : 


Cutler-Hammer appliance switches ; Carbon and 
wire-wound potentiometers for televison and 
radio applications; Paper tubular capacitors; 
Wire-wound resistors 


SOLE LICENSEES OF OAK MANUFACTURING COMPANY, -CHICAGO 
Licensees of Igranic Electric Co. Ltd. for the above products of Cutler-Hammer Inc. Milwaukee, U.S.A. 


BRITISH N‘S‘F CO - LTD : KEIGHLEY -; YORKS. < London Office: 9 Stratford Place, W'l «Phone: MAYfair 4234 
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on the germ 
of an idea 


These clean-cut Tufnol punchings serve to 
illustrate our theme, but actual contact cases 
invariably develop ideas rapidly. Handle some 
Tufnol. It is quite unlike any other material, yet it 
oe combines the 
virtues of many. 
Itresists chemi- 
cal action, is a 
good electrical 
ese ees ee ee 
extremes in climatic conditions. possesses high 
compressive, shear and tensile strengths. It 
resists moisture and corrosion, is light in weight 
and above all, can be easily and accurately 
machined by the usual engineering methods. 
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Tufnol is supplied in sheets, tubes, rods, bars, 
angles, and channels —or in specially moulded 
shapes. 


TUFNOL RESEARCH 
Our Technical Department are 
always keen to ‘get down to cases.’ 
They have compiled a wealth of data 
which are included in our various 
handbooks together with examples of 
Tufnol in action—a record of 
remarkable achievement. But their 
greatest enthusiasm is for tackling 
NEW problems. If you have one— 
why not write TODAY ? 


TUFNOL 
An ELLISON Prod | 
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The International Television Study Group 


OR a period of six weeks, some 60 delegates of the 

No. 11 Study Group of the Comité Consultatif 
des Radiocommunications (C.C.I.R.) have been in- 
vestigating television systems and visiting factories 
and research laboratories in the U.S.A., France, 
Holland and Great Britain. 

This Television Study Group is now meeting in 
London and the results of its deliberations will have 
a profound bearing on Television for many years to 
come. It is important therefore that a brief outline 
be given of its terms of reference and of the prob- 
lems which are before it. 

The C.C.1I.R. is a body of technical experts meet- 
ing under the regulations of the International Tele- 
communications Union (I.T.U.) and the first post- 
war meeting was held at Stockholm in 1948. Among 
the problems discussed were the technical aspects of 
co-ordinating television standards in order to facili- 
tate manufacture of equipment and to allow the 
ready interchange of programmes between neigh- 
bouring countries. 

Accordingly, an International Television Study 
Group (No. 11) was set up under the chairmanship 
of Dr. E. B. Esping, of Sweden, and the first meet- 
ing was held at Zurich in July 1949, to study the 
difficult technical issues involved in a common tele- 
vision standard and to report their recommendations 
to the C.C.1.R. 

Since April 26 of this year, the delegates, repre- 
senting some 15 countries, have been making a 
similar tour in this country and during their stay 
have seen television demonstrations arranged jointly 
by the G.P.O., the B.B.C., and the Radio Industries 
Council. They met finally in London on May 8 to 
discuss their tour and in due course to make their 
recommendations to the C.C.I.R. 

A report which has been issued just as we are 


going to press, is summarised in an official state- 
ment issued by the Postmaster-General as follows :— 

“The 405, 525, 625 and 819 line systems were 
examined. The French, United Kingdom and United 
States delegates confirmed the continued use of their 
present standards. 

‘France and the United Kingdom maintained their 
previous proposal to consider the unification of the 
standards of the London and Paris television trans- 
mitters. 

‘Austria, Belgium, Denmark, Italy, the Nether- 
lands, Sweden and Switzerland declared themselves 
in favour of the 625 line system and addressed an 
appeal to their colleagues to reconsider the position.” 

Commenting on the decisions of the Group as 
detailed in the official statement, Vice Admiral 
J. W. F. Dorling, Director of the R.I.C., said: ‘‘The 
R.I.C. is glad that some standard is in the process 
of being agreed upon for television on the Continent 
of Europe; it does not want everyone to be on a 
different system. We think television would have 
spread faster if the group had decided on 405 lines, 
particularly because of the difficulties Continental 
countries are likely to encounter in the use of the 
necessary wide bandwidths for the higher line 
definition. 

“The decision is also regretted because of the 
increased costs of getting television into the homes 
of the people. British manufacturers will be able, 
of course, to make equipment for the 625 line 
system—in fact, they were the first in the world to 
demonstrate the system publicly.” 

‘‘At home, the 405 line system will be established 
for a number of years. Nothing has happened to 
make us believe that there would be anything to be 
gained by a change.”’ 
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LARGE SCREEN 
TELEVISION DEMONSTRATION 
TO THE 
C.CLR. 


The first instantaneous large screen television demonstration 
of the Football Association Cup Final was made to the delegates 
of the C.C.I.R. at the Odeon Theatre, Penge, on April 29th, 1950. 


a "y The photographs above show the special metallized fabric directional 
ey: : viewing screen and the projector unit installed in the auditorium of the 
theatre. The unit comprises a high power cathode ray tube providing a 
very bright image of 5 in. by 6 in., which is projected by a large mirror 

system with plastic correcting plates on to the theatre screen. 
The unit, which is remotely controlled, is enclosed in a metal framework to 
prevent the emission of X-rays and it complies with the Home Office Fire 

Restriction Regulations. 


The perforated viewing screen is normally placed in front of the theatre 
speakers and may thus be used for standard 35 mm. film projection. 


The control unit shown in the photograph 
on the right contains an interchangeable 
vision and sound coupling unit to deal with 
the various signal inputs 


Other units of the control unit are the line 
and frame scan generators, focus modulator, 
the video ‘‘B'’ amplifier and programme 
sound coupling unit. Normally the pro- 
gramme sound is fed into the existing 
cinema sound system. 


The picture signal received from the 
aerial is fed into the television receiving 
rack where it passes through the first video 
amplifier, and where the synchronizing 
signals are filtered out and passed into the 
synchronizing signal separator. This unit 
takes out the line and frame synchronizing 
signals, which are passed into their respec- 
tive scanning generators for transmission 
to the scanning coils of the projector tube. 
The video signal passes through various 
correcting units dealing with phase, gamma 
and black level clamping, being finally fed 
into the output amplifier which applies 
approximately 450 volts of vision signal 
to the cathode of the cathode ray projection 
tube 


The complete equipment. was designed 
and manufactured by Cinema Television 
Ltd, 
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Displacement Meter 


By ALAN DOUGLAS 


(Head of Instrument Section, Mechanical Working Division, British Iron & Steel Research Association). 


I N the course of investigations into suitable methods 
of measuring very small physical displacements for 
industrial research purposes, a survey of existing 
methods indicated that many electrical gauges 
suffered from one or more of the following dis- 
advantages: 

(1) Non-linearity. 

(2) Zero shift. 

(3) Sluggishness in response. 

(4) Temperature effects. 

(5) Small output. 

(6) Hysteresis. 

(7) Lack of robustness. 


These disadvantages tend to fall into groups asso- 
ciated with a particular method. For example, 
magnetostrictive gauges may suffer from 1, 2, 4 and 
6; the capacitative gauge from 2, 3, 5 and possibly 7; 
resistance gauges of the carbon type are particularly 
susceptible to 1, 2 and 7; and of the wire type, to 2, 
4 and 7. The electromagnetic gauge may suffer from 
1, 5 and 6. 

It is an indisputable fact that no one method is 
suitable for every gauging requirement; but after 
careful consideration it was decided to devise an elec- 
tromagnetic gauge as being most generally useful. 

One instrument of this type which has been widely 
used consists of a ferrous armature located in a mag- 
netic path which is completely closed except for a 
small air-gap on either side of the armature. Induc- 
tance coils are wound on the two limbs of the mag- 
netic circuit adjacent to the armature, and form part 
of an impedance bridge operated from a.c. mains of 
commerciak frequency. Subsequent deflexion of the 
armature from the balance position alters the air-gap 
and so affects the inductance of the coils. This 
changes the impedance of the bridge and a current 


Fig. |. 
Non-resonant impedance bridge 


A 





flows. It is usual to rectify this current by metal 
rectifiers, and a millivoltmeter indicates the degree 
of unbalance, which is an indication of the armature 
position. Owing to the fact that a mains frequency 
of only 50-60 c/s. is employed, the coils must be quite 
large to obtain an appreciable change in inductance. 
Another disadvantage is that the iron circuit must 
have a substantial cross-section at these frequencies; 
this means that the bulk of the device may be quite 
considerable. The regulation on commercial A.c. 
mains is no better than + 23 per cent, and, while a 
barretter is generally employed to assist in control- 
ling these changes, this will make adjustment for 
changes in voltage but not in frequency, and the 
accuracy of indication may depend upon frequency 
to a greater extent than upon voltage. The amount 
of current available for operating the indicating meter 
is very small, which necessitates a rather delicate 
movement and construction, and precludes the use of 
a writing or recording instrument except one of the 
dotting-millivoltmeter type. 

It is difficult to secure linearity in output, since the 
movement of the armature in the air-gap does not 
alter the impedance in a linear fashion; but if the 
change in air-gap due to change in load is a small 
fraction of the static gap, the output may be approxi- 
mately linear, and other external means of electrical 
correction may be employed to improve the scale 
shape and sensitivity. It is also difficult to amplify 
the signal satisfactorily, since mains pickup may 
readily occur at the same frequency, and it is possible 
thus to mask partially the actual signal. 

Such simple circuits have a low efficiency. In Fig. 1, 
the air-gap inductance Lx forms one arm of a Wheat- 
stone bridge. The remaining three arms are resistive 
and inductive, and if the third of these arms com- 
prises an inductance L and a resistance R, they can 
be adjusted to bring the bridge into balance. 


Fig. 2. 
R ti d bridge ° 
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Fig. 3. (left) 
Schematic of Bridged-T network 


Fig. 5 (right). 
Bridged-T circuit as used 


z Z4 23 
Fig. 4 (left). R 
Equivalent circuit of Bridged-T NWh— 
network 
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If the change in Lx due to displacement is 4Ix, 
then the fractional change in impedance of the bridge 
arm BC is: 


oATx 
IE. 5s ss acice nosy ods eende 1 
VRS + Lx ( ) 
where © = 27f and f = oscillatory frequency. As, in 


general, Lx is much greater than Rx, ©Lx/ Rx is the 
Q or magnification factor of the coil and the above 
fraction (1) becomes ALx/ Lx. 

If the displacement of the air-gap for full load is 
1 per cent of the initial air-gap and the Q value is 
20, then ALx/ Lx = 0.01. Thus a change of 1 per cent 
in the length of the air-gap causes a change in impe- 
dance of the arm BC of 1 per cent. 

On account of these limitations it was decided to 
consider the conversion of the simple bridge to a 
resonant bridge, Fig. 2. 

lf the air-gap inductance is connected in series with 
a variable air capacitor the bridge may be converted 
into a resonant circuit. 

Let C: be the variable capacitor. For balance, R: 
and C: are adjusted to satisfy the conditions: 


R: = Rx and 1/¢C: = Lx ............... (2) 


Under these conditions the positive reactance of the 
coil is neutralized by the negative reactance of the 
capacitor. 

When the air-gap changes in length, Lx changes to 
Lx + SLx and the impedance of the arm BC changes 
by an amount “ALx, which is reactive. Hence the 
fractional change in the arm BC is ®ALx/ Rx. 

Taking the values already given, viz., ALx=0.01L«x, 
and #L; = 20Rx, then for maximum displacement the 
above fraction becomes : 

oALx 
ae an ee x 
R. 0.01 
Thus by using a resonant bridge the sensitivity has 
been increased twenty times. 

This only obtains when 1/¢C: = Lx. Therefore © 
and C: must be stable quantities. | However, this 
presents no great difficulty in practice, although since 
© = 27f, it is clear that effective frequency stabiliza- 


he OR eas .. (8) 


tion must be provided; hence the inadvisability of 
operating from commercial A.c. mains. 

There is a drawback to any type of a.c. bridge 
which, while not of great importance in a laboratory, 
has considerable significance in practice. It must be 
noted that the bridge alone cannot be dissociated from 
the frequency source and the detecting apparatus, 
but must be treated as a whole. Viewed in this light, 
it is essential to have complete stability in the system, 
and this is almost impossible to achieve unless one 
side of the frequency source, the pressure-measuring 
element, and the detector, are all at earth potential. 
Such a circuit arrangement is not possible for any 
normal bridge network without elaborate precautions. 
Consequently modifications to the circuit were intro- 
duced to convert the 4-arm resonant bridge to a T- 
network, having a common connexion to which the 
frequency source, coil, and detector could be earthed. 
The valuable properties of this type of circuit* (not 
previously exploited for this method of measurement) 
permit the application of a continuous earth-line to 
each part of the measuring equipment; this confers 
a high degree of stability to the system, even though 
it is dispersed over a wide area. 

A further advantage—of significance when using a 
high operating frequency—is that there is much less 
chance of electrostatic coupling between the oscilla- 
tion generator and the detector, and the body capa- 
citance of the operator has very little effect on the 
whole circuit without the need for elaborate screehing. 


Bridged-T Circuit 


The condition under which a bridged-T circuit may 
be brought to balance is that state in which the out- 
put current and voltage from the network are zero 
when the input voltage is finite. To examine the 
special properties of the T-circuit, the quantity known 
as transfer impedance must be determined. This is 
the ratio of input volts to output current when the 
output terminals are short-circuited. 


Fig. 3 represents a bridged-T circuit. The transfer 
impedance of the T-portion of the network formed 





* Brit, Pat. 568701 ; U.S. Pat. 2414224. 
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Fig. 7. 
Equivalent circuit of inductive T-Bridge unit, 
unbalanced 


by Z:, Z: and Zs is: 


Ze = Zi + Zs + — al, 


Dg etteeeeees 


Considering the output current only, Fig. 3 may be 
redrawn as Fig. 4, 


The output current is then : 


ts = t + te 
but: 2 = e/Z, and ik = e | Zi 

wae (te 

-a= e( Tod ) Dretchstach hia caterer aan ai (5) 
is will be zero—the condition for balance—when : 
Ze + Z: =0 
Thus the condition for balance is: 

Z+Z2s+ Zs + = SD 4 stove acasnate (6) 


To apply the foregoing to the practical type of T- 
circuit, consider Fig. 5, in which L, with its inherent 
loss resistance, Rs, represents the inductance in the 
measuring element, and the remaining components 
form part of the balancing network in the bridge. 


From a comparison of Figs. 3 and 5: 
Zi = Zs = 1/jeC 


Z = Rs + joL 
Z=R 
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Pee ¥ 1 JL - - Rs 
joc eC] Re + &L? 


Here, we may neglect Rs’ in comparison with ¢'L’, 
which is Q* times as great, so that: 


ee ae  .. 
jee ee Let? 


The T-section is thus equivalent to Fig. 6. 








where 
C1 = C/2 
a 
he 
LC 
R = (negativ istance) 
= Co gative resista 
and the bridge will be in balance if: 
] 
1) «© = ——— 
Q) V2LC 
—_— a 
VLC, 
and 
(2) R = —Zeu = —R: = 4R, 


The bridging resistance R must therefore be numeri- 
cally equal to the pure negative resistance of the T- 
section at resonance, i.e., equal to four times the loss 
resistance of the coil. 


At resonance: 


ee ek 
1 eae Lo 


dZ 6 1 ) QR. 
wane bl CRP we) loa 34/2 
dL LC ee) 


= —4je (neglecting 2R:s /L) 
For a small departure from resonance, L changes to 
L + AL and the circuit becomes equivalent to Fig. 7, 
the output of which is proportional to: 
! as eee 

4Rs 4Rs + 4joAL, 
If joAL is small compared with Rs, this decreases 
to }AL/4R:° and the output is proportional to AL. 

The T-Bridge unit is simple to adjust and is 

















Fig. 8 (left). 
Oscillator circuit 
Fig. 9 (below). 
Circuit of the harmonic filter 
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HARMONIC FILTER 





COIL DATA :- a 
Former diameter 0°75 
No. of turns 230 
ao 26 swg. 


37 
} am full wave wound 
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Fig. 10. 
Bridge circuit as used 


capable of maintaining balance for long periods. In 
the practical interpretation of the method the system 
is divided into the following parts: 

Oscillator, T-bridge, detector, air-gap inductance. 
Taking these in turn, the oscillator frequency will 
depend upon the speed of response required of the 
air-gap inductance. A simple Colpitts circuit of the 
type shown in Fig. 8 with a Sullivan temperature- 
compensated inductance and operating at a frequency 
of 20 ke/s. was found to be stable to one part in 
20,000 over a period of six hours. This is adequate 
for most purposes. The stability is improved by the 
use of valves of the kind shown, with heavy-current 
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heaters; these are also shielded from daylight to 
reduce any photo-emissive action. The output is two 
volts. 


Between the oscillator buffer valve and the T- 
bridge there is a harmonic filter. The bridge, when 
resonating at the fundamental frequency, can pass 
higher harmonics (if present). The attenuation of the 
filter shown in Fig. 9 is 65 db. at 35 ke/s., thus pre- 
yenting any higher harmonics from adding to the 
rectified signal frequency. 

The bridge unit contains the necessary trans- 
formers, capacitors and resistors. The air-gap induc- 
tance is connected to this by a cable which may be 
40 ft. or 50 ft. in length. The cable used does not 
introduce sufficient resistance to flatten the resonance 
curve at all. 

For an operating frequency of 20 ke/s. a suitable 
air-gap inductance might have the characteristics 
shown in Fig. 10, which also gives the values of the 
other bridge components for this frequency. The 
physical size of the air-gap inductance is small, about 
a one-inch cube. It is thus easily mounted on any 
device required to vary the gap. In practice, the T 
part of the core is made variable, as only an 
extremely small force is needed to displace it. The 
greatest care must, of course, be taken to lock the 
stampings tightly together and, since full-scale 
deflexion of the indicating and recording meters can 
be obtained for a change in air-gap of only 
1/10,000 in. the pole faces must be accurately ground. 
Since the T-bridge (in this application) is a parallel 
resonant circuit, the impedance at resonance is high, 
therefore no signal from the oscillator is transferred 
to the detector. As the air gap is altered, the tuned 
circuit departs from resonance more and more, and 
an increasing voltage will appear across the detector 
input. The combination of a good Q factor for the 
inductance and a high ratio for the detector input 
transformer ensures a useful step-up in sensitivity at 
this important point. 




















Fig. II. 
Amplifying detector circuit 
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Fig. 12. 
Typical calibration curve 


The amplifier-detector unit provides a p.c. signal 
to energize pointer meters or direct writing chart 
recorders. A simple circuit of good stability which 
has proved very satisfactory is shown in Fig. 11. Note 
that following the diode rectifier is a filter to remove 
any 20 kc/s. ripple remaining, and that the rather 
high standing current of the output valve is suitably 
backed-off. In this circuit, 30 mA is available for the 
meter circuits, which are cathode-connected. 


The small inertia of this type of air-gap inductance 
permits a much higher speed of operation than 
d’Arsonval movements can respond to, should this be 
necessary; with the apparatus described, satisfactory 
response has been obtained up to a rate of change in 
air-gap of 8,000 c/s. 

The power supplies for an apparatus of this sensi- 
tivity must be very well stabilized, and electronic 
stabilizers are used for the H.T. circuits with constant- 
voltage transformers for the heaters. The overall 
regulation is practically perfect. 


The actual performance of a meter of the kind 
described is interesting, especially if in daily use, 
and after the lapse of some time. To attain the 
highest degree of stability, it was found necessary 
to keep the valve heaters permanently alive, and the 
whole apparatus at a fairly uniform temperature; for 
most applications, these precautions are not necessary. 


In one form, the air-gap inductance was fitted to 
a steel rolling mill to indicate the rolling load. Fig. 
12 shows typical actual calibration curves for the 

output current plotted against load in tons. Fig. 13 
shows a check of calibration of the indicating meters 
against true load after 10 months’ continuous run- 
ning. It can be seen that the errors over the full 
range are not greater than half a ton, i.e., 1 per cent. 


Other applications of an air-gap inductance of this 
type include the measurement of surface finish; 
accurate gauging of thickness (e.g., the absence of 
any large restoring force makes it possible to gauge 
thin foils of aluminium, gold, etc., without marking 
the surface); sensitive weighing apparatus, torque, or 
bending in rotating elements; tensile forces, as in 


E 
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Check calibration after 10 months’ continuous 
use 


extensometers and stress-recorders; and any kind of 
relative movement between two points of contact, 
whether any appreciable force is available or not. 

Fig. 14 is a photograph of a complete six-channel 
recording apparatus employing the apparatus 
described in this article, which represents part of the 
instrument development work carried out by the 
author on behalf of the British Iron & Steel Research 
Association. 


A much more detailed analysis of gauging methods 
appears in a joint paper by the author and Dr. H. 
Ford, published as special report No. 34 by the Iron 
& Steel Institute. 


Fig. 14. 
Six-channel recording unit, using the method described 
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Frequency Generation and Measurement 


By H. J. FINDEN, M.LE.E. 
(The Plessey Co., Ltd., Ilford, Essex) 


This paper describes a method of generation which enables 
any frequency to be produced that is harmonically related to 


a sub-multiple of a standard frequency. 


The apparatus em- 


ploys a decade system of frequency indication and selection 
which is extremely simple to set up, and considerable care is 
taken to eliminate ambiguity. 


URING recent years enormous progress has been 

made in the technique of crystal controlled oscil- 
lators. Standards of frequency better than 1 in 10° 
are now available and are checked in terms of the 
earth’s rotation. It is now possible to compare three 
such standards to 1 part in 10", deducing drift rates 
due to the ageing of the crystal to enable standard 
time to be established to a very high order of 
accuracy. Standards of frequency are especially 
useful since they are available internationally by 
radio transmissions. Every endeavour should there- 
fore be made to take advantage of such services since 
the fundamental quantity of time can be used for 
many derived measurements in standardizing work. 
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A calibrated oscillatory circuit maintained by one 
or more valves can provide a known source of fre- 
quency. It is necessary, however, to refer the 
calibration to a standard of frequency for the precise 
establishment of that calibration. This is necessary 
due to many factors, the chief of which are due to 
the temperature coefficient of the L-C circuit, varia- 
tions in the maintaining circuit and the mechanical 
imperfections in the variable element of the circuit. 
In order to carry out the comparison it is necessary 
to bring the frequency of the standard within the 
range of measurement in which it can be made with 
the highest possible accuracy. Thus, a, harmonically 
related series of the standard can be generated to 
calibrate the oscillator at definite intervals, but to 
be of any practical value the fundamental of the 
harmonic must represent a very small percentage of 


the oscillator frequency. When the spacing becomes 
very small, ambiguity arises as to which harmonic 
is used, due to the uncertainty of the initial cali- 
bration of the oscillator. 

To reduce the harmonic order required and to 
facilitate the identification and separation of the 
harmonics the process of harmonic generation can 
be carried out in several stages. From a standard 
frequency, f, controlled oscillations are produced at 
frequencies af/b where a and b are whole numbers. 
A scale of frequencies naj /b is thus obtained, where 
n is the order of the harmonic and by a suitable 
choice of a and b it is possible to obtain a frequency 
close to the unknown one and _yet have a reasonable 
spacing between harmonics. This method of opera- 
tion does not, however, permit a direct frequency 
reading although the values of n, a and b can readily 
be obtained. Harmonic tables can be_ provided 
which facilitate the choice of the appropriate value 
of a and b and the actual value of the frequency 
naf/b can be read from the tables. 

These limitations of frequency generation have 
been overcome by an apparatus which has been 
called a frequency synthesizer and which enables any 
frequency harmonically related to a sub-multiple of 
a single standard frequency to be generated. The 
frequency generated is substantially pure irrespec- 
tive of the order of the harmonic, and its value can 
be identified with certainty. 


Principle 


A standard frequency f, e.g., 100 ke/s., is con- 
verted to a sub- multiple f/n by a frequency dividing 
unit and n is made a power of 10 to form a decade 
system direct reading in frequency. The order of 
the sub-multiple f/n is determined by the smallest 
frequency interval between adjacent harmonics 
desired to be generated and by the value of f. Any 
harmonic of f/n, e.g., 1 ke/s., up to the ninth order 
can be selected individually by means of tuned cir- 
























































FIG. 2. 
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cuits. A second decade system controlled by a 
frequency divider from f generates harmonics of 
10 f/n, e.g., 10 ke/s., and any harmonic up to the 
tenth order can be selected individually by a second 
series of tuned circuits. A further decade of 100 f/n, 
i.e., f and a frequency multiplier, to give harmonics 
of 10 f, e.g., 1,000 ke/s., can be arranged in a similar 
manner as shown in Fig. 1. 

The outputs from any two selected harmonics m 
(10 f/n), e.g., 6 x 10 ke/s., and n (f/n), e.g., 
8 ke/s., are fed balanced with respect to earth to 
a balanced modulator system A which produces the 
modulation products [m(10f /n)+n2(f/n) e.g., 60 ke/s.] 
+8 ke/s., namely, 68 ke/s. or 52 ke/s. These 
modulation products are fed to a calibrated con- 
tinuously variable filter amplifier F1 which covers a 
frequency spectrum of 0.31f to f. The required pro- 
duct can therefore be selected, and the unwanted one 
substantially eliminated provided there is a reason- 
able frequency separation between the sum and 
difference products. 

Good attenuation of the unwanted product with 
respect to the wanted one can be obtained in the 
following manner. When the second digit of a two- 
figure combination is 1, 2, 3 or 4 f/n its complement 
is selected, i.e., 9, 8, 7 or 6 f/n respectively. This 
frequency is mixed in A with another frequency 
m 10 f/n where m = 1 plus the value of the first 
digit of the required frequency. 


Example : To generate 81 kc/s. 


The ninth harmonic of a 1 ke/s. series represent- 
ing the complement of 1 ke/s., the digit value of 
the second figure of the required frequency, is mixed 
in modulator A with the (1 + 8th), i.e., ninth har- 
monic of the 10 ke/s. series. The modulation pro- 
ducts will therefore be 90 kc/s. +9 ke/s., i.e., 99 ke/s. 
and 81 ke/s., and are separated by more than 10 ke/s. 

When, however, the second digit of a two-figure 
combination is 5, 6, 7, 8 or 9 f/n, a harmonic of the 
value given by the second digit is selected and mixed 
in modulator A with another harmonic nm (10 f/n) 
whose value is that of a first digit. 


Example : To generate 78 kc/s. 


The eighth harmonic of a 1 ke/s. series is mixed 
with the seventh harmonic of a 10 ke/s. series, when 


Electronic Engineering 221 


SLOTS IN MASK 










WINDOWS IN 


iT PANEL 
7 re 
/ =\ 
aN e X% 
/ \ 
ic w Soo 
\ sy 
\ Peea. 
\ et VN 
/ 
~~ 4 . 4 
CONTROL S\?@ 5S 


FOR 1okc/s. ~~ BA 
HARMONICS 7 
7 RANGE Me CONTROL for kc/s. HARMONICS 





/ 1 2 

1 \ 
' : Q MASK RANGE 
\ ! CONTROL 

\. / 

\ 

\ / 

\ Po 
xe ono a 
“FIG. 4. 


the modulation products of A will be 70 ke/s. 
+8 ke/s., i.e., 78 ke/s. and 62 ke/s., which are again 
separated by more than 10 ke/s. 

It will be noted that the harmonic selected to 
represent the second digit of a two-figure frequency 
combination is never less than the fifth by employ- 
ing the above method. Thus the modulation pro- 
ducts are separated by at least twice the frequency 
given by the value of the fifth harmonic, i.e., the 
value of the higher product will be more than 10 per 
cent added to the lower product, enabling efficient 
filtering to be simply carried out. 

The modulator A, being balanced, requires un- 
balancing when it is desired to generate a two-figure 
frequency whose second digit is 0. It can be seen, 
therefore, that with a suitable choice of harmonics 
any two-figure frequency can be generated substan- 
tially pure, by efficient attenuation of the unwanted 
product produced in the modulator, by utilizing either 
the sum or difference products. Both harmonic 
selector switches have scales with two combinations 
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of numerals as shown in Fig. 2, and the appropriate 
scale to be read is determined by a chart known as 
a frequency tree, Fig. 8. Reference to Fig. 3 shows 
that the scale to be read depends on the value of 
the second digit and that these scales follow the 
method outlined above. 

In order to make the equipment direct reading for 
frequency, masks are provided in front of the scales 
as shown in Fig. 4. These masks are set by means 
of a single control marked ‘‘Q’’ to the appropriate 
range as determined by the frequency tree, Fig, 3, 
before switching to the required frequency. 

It would appear to be quite simple to follow the 
above rules without the complications of masks, but 
it will be apparent that means adopted to synthesize 
a three- or four-figure frequency will necessitate the 
use of masks and multiple scales to preserve a direct 
reading instrument and to avoid ambiguity of result. 
When a three-figure frequency is required lying in 
the spectrum 3.1f to 10f, e.g., 310 kc /s.—1,000 ke/s., 
a frequency representing that of the second and third 
digits is selected by means of the filter F1. The 
output from F1 is mixed with a frequency represent- 
ing the value of the first digit obtained from the f 
harmonic selector in a second balanced modulator 
system B. A second filter amplifier F2 selects the 
required modulation product and the modulation pro- 
ducts are so arranged that their difference is never 
less than f, e.g., 100 kc/s. A second frequency tree, 
Fig. 5, specifies the setting for the masks whereby 
this condition can be realized. Filter F2 covers the 
frequency ranges 3.1f-10f, and 0.1/-0.31f. 

When the second digit of a three-figure frequency 
is 1, 2, 3 or 4 a second calibration of the filter Fl 
is necessary whereby the spectrum 0.31f-f is repre- 
sented as 0.69f-0, i.e., the sum of the calibra- 
tion is f ke/s. at any setting. The appropriate 
calibration to be read can be shown by illuminating 
the desired scale, such illumination being controlled 
by the masked position switch. 


Example : To generate 907 kc/s. 


Referring to Fig. 5 it will be seen that the mask 
must be set at position 3, and when the decade 
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selector switches are set at 907 kc/s. reference tc 
Fig. 6 will show that 1,000 ke/s., 100 ke/s. and 
7 ke/s. respectively have been selected. The modu- 
lation product produced will be 100 ke/s. +7 ke/s., 
i.e., 107 ke/s. and 93 kc/s. When the filter Fl is 
tuned to the setting represented by 07 kc/s. the 
frequency given by the last two digits, it will select 
the difference product of 93 kc/s. This frequency 
which will be substantially pure is mixed in the 
second balanced modulator system B with 1,000 ke/s. 
The modulation products will thoveioes be 1,000 ke/s. 
+93 ke/s., i.e., 1,093 ke/s. and 907 ke/s. The filter 
F2, when tuned to 907 ke/s., will substantially 
eliminate the sum product as we have realized the 
condition of separating the two products by more 
than 100 ke/s. Fig. 7 shows the masks set for the 
above example. 

A division of the frequency spectrum f-10f, e.g., 
100 ke/s.—1,000 ke/s., is made at 3.1f, e.g., 310 ke/s. 
When it is required to synthesize a frequency in the 
spectrum 100 ke/s.—309 ke/s. it is necessary to tune 
a further filter F3 as well as F2 filter to the required 
frequency. This condition arises because the modu- 
lation products utilized have been so chosen that any 
harmonic distortion of either product is much higher 
in frequency than that of the difference product 
which is always used when tuning F3 in the spectrum 
f-8.1f. 

Example of Frequency Synthesizer 

Fig. 9 shows a frequency synthesizer covering the 
range 1 ke/s.—10 Mc/s. in kilocycle steps. An out- 
put of 0.1 volt loaded with 100 ohms is available at 
the output socket. The standard controlling fre- 
quency is obtained from a 100 ke/s G.T. cut crystal 
which is maintained at 60°C. An output from this 
oscillator is fed to two 100 ke/s. buffer amplifiers as 
shown in Fig. 1. 

The first 100 ke/s. amplifier is used to lock a 
nominal 100 ke/s. multivibrator on its fundamental 
frequency. Part of the grid resistance is brought 
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out to the top of the equipment and can be adjusted 
to bring the uncontrolled frequency of the multi- 
vibrator within the range of a synchronism by the 
100 ke/s. input. The multivibrator consists of a 
triode hexode with the hexode anode tuned by pre- 
set coupled circuits to 1,000 kec/s., i.e., the tenth 
harmonic, and an output from this circuit is fed to 
a 1,000 ke/s. amplifier. Fig. 10 shows a_ triode 
hexode used in this way, and Fig. 11 shows the scale 
markings of the harmonic selector control. 


An output from the 100 ke/s. multivibrator is fed 
to a selector amplifier whose grid and anode are 
tuned by means of pre-set capacitors to 1,000 ke/s., 
900 ke/s., 800 kc/s., 700 ke/s., 600 ke/s., 500 ke/s., 
400 kc/s. and 800 kec/s. A ganged switch is employed 
to select these capacitors and the optimum Q of the 
tuned circuits is at 1,000 ke/s. in order to get the 
maximum selectivity between the closest spacing of 
harmonics used. 


The output from this stage is fed balanced with 
respect to earth to the triode grids of two triode 
hexodes used in a balanced modulator system B. 
The hexode control grids can receive frequencies 
balanced with respect to earth from the filter F'1. 
This filter covers the range of frequency 31 ke/s.— 
100 ke/s. The sum or difference modulation pro- 
ducts produced by B are selected by the filter ampli- 
fier F2. This filter covers two frequency ranges of 
310 ke/s.—1,000 ke/s. and 10 ke/s.—381 ke/s., the 
appropriate ranges being selected by a switch. Two 
tuned circuits are employed, and the range is covered 
by a ganged continuously variable capacitor which 
has a scale calibrated direct in frequency to facilitate 
the selection of the desired component. The output 
from F2 is fed to a phase inverter stage with an 
internal impedance of 100 ohms and outputs balanced 
with respect to earth are fed to the modulator C and 
unbalanced with respect to earth to the output 
selector switch. 


The second 100 ke/s. buffer amplifier is used to 
lock a 10 ke/s. multivibrator at 10 kc/s. A pre-set 
resistor is brought out to the top of the equipment 
and is adjusted to bring the natural frequency of 
the multivibrator within the range of synchronism 
of f/10 of the 100 ke/s. input. A 10 ke/s. tuned 
circuit in the hexode anode circuit of the multivi- 
brator system provides an output which is fed to a 
10 ke/s. amplifier. A further output from the multi- 
vibrator is fed to a selector amplifier whose grid and 
anode circuits are tuned to 100 kc/s., 90 ke/s., 
80 ke/s., 70 ke/s., 60 ke/s., 50 ke/s. and 40 ke/s. 
A ganged switch is employed to select these capaci- 


TO GENERATE 907 kc/s. 


GENERATE COMPLEMENTARY FREQUENCY of LAST TWO DIGITS 
—~ 6@ 93 kes. 
USE 10% HARMONIC of 10 ke/s. DECADE ce 100 ke/s. 
and7? « - 4 ke/s a - 7 ke/s. 
MODULATION PRODUCTS 100ke/st 7kc/s ce 107 ke/s. 
and 93kc/s 





TUNE FLTER F4 for 93 ke/s. 
USE 10‘ HARMONIC of 100 lec/s. DECADE ce1000kKc/s 
and 93 kc/s. from Fi 
MODULATION PRODUCTS 1000kc/s.£ 93 kc/s. 

te 1093 ke/s. ancl 907 ke)s. 
TUNE FILTER #2 for 907 kc/s. 


FIG. 8 





Electronic Engineering 223 





Fig. 9. 
A frequency synthesizer for the range | kc/s to 10 Mc/s 


tors and carries a scale as shown in Fig. 12. The 
output from this stage is fed balanced with respect 
to earth to the triode grids of the modulator system 
A. The hexode grids can receive frequencies balanced 
with respect to earth from the 1 ke/s. unit and the 
sum or difference frequencies are selected by the 
filter F1 which covers the frequency spectrum 
31 ke/s.—100 ke/s. Two tuned circuits adjusted by 
means of ganged capacitors permit efficient selection 
of the required modulation product and the output 
is fed unbalanced with respect to earth to the output 
selector switch and balanced with respect to earth to 
the modulator system B. Modulator systems A and B 
can be unbalanced by breaking the cathode circuit of 
one valve where it is desired to synthesize a frequency 
employing 0 as the second or third digits. A single 
control is used to select one of sixteen mask positions 
necessary and also illuminates the true or reciprocal 
calibrations of the various filters. 

A 10 ke/s. input from the 10 ke/s. buffer ampli- 
fier is used to lock a 1 kc/s multivibrator at 1 ke/s. 
and a rheostat pre-set can be adjusted to make the 
natural frequency of the 1 kc/s. multivibrator lie 
within the range of synchronism of one-tenth of the 
input frequency. The output from the multivibrator 
is fed to a selector amplifier whose grid and anode 
circuits are tuned by means of capacitors from 
9 ke/s.—1 ke/s. A ganged switch with a scale 
marked as in Fig. 138 is used to select the appropriate 
capacitors, and toroidal dust core coils give the 
required selection of harmonic. Outputs from the 
amplifier balanced with respect to earth are fed to 
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modulator A and unbalanced with respect to earth 
to the output selector switch. A switching indicator 
chart to specify the necessary mask and filter range 
to be selected is provided. 

The 1,000 kc/s. input from a tuned 1,000 ke/s. 
amplifier is used to lock a 1,000 kc/s. pulse amplifier 
and an output from this amplifier is selected to give 
the tenth harmonic, i.e., 10 Mc/s. A second output 
is fed to a selector amplifier whose grid and anode 
circuits are tuned by pre-set capacitors to 10 Mc/s., 
9 Mc/s., 8 Mc/s., 7 Mc/s., 6 Mc/s., 5 Me/s., 4 Mc/s. 
3,000 ke/s. and 1,000 kc/s. The output from the 
amplifier is fed balanced with respect to earth to 
the triode grids of the modulator system C. A 
selector amplifier F3 tuned from 3.5 Mc/s.—10 Mc/s. 
and from 100 ke/s.—310 ke/s. is used to select the 
required modulation product and two outputs, both 
unbalanced with respect to earth, are fed to the 
output selector switch and to the modulator D. The 
modulator D can receive an input from the 10 Mc/s. 
amplifier, and when mixed with the output from 
modulator C provides difference products which can 
be selected by means of the filter amplifier F4 which 
covers the range 1,000 kc/s.—3,100 kc/s. An output 
from this amplifier is fed to the output selector 
switch. 

A valve voltmeter enables the various filters to be 
tuned to the required modulation product, and the 
output selector switch is arranged to receive the 
outputs from the various modulators in turn. 


Example : To generate 199 kc/s. 


Reference to Fig. 14 will show that the mask must 
be set at position 7 and F2 at its reciprocal calibra- 
tion F:. When the decade selector switches are set 
at 199 ke/s., reference to Figs. 15, 16, 17 and 18 
respectively will show that 1,000 ke/s., 900 kce/s., 
90 ke/s. and 9 ke/s. have been selected. Modulation 
products produced are 90 ke/s. +9 ke/s. and F1 is 
tuned to 99 ke/s. the frequency represented by the 
last two digits. The productions of B are 900 ke/s. 
+99 ke/s. and F2 is tuned to the frequency repre- 
sented by 199 ke/s., i.e., the reciprocal calibration 


of 801 ke/s., namely, the difference product. 
801 ke/s. is now mixed in a third modulator C with 
1,000 ke/s. and the difference product of 199 ke/s. 
selected—the required frequency. Had 99 kc/s. been 
mixed with 100 ke/s. to give 100 kc/s. +99 ke/s. 
at B, any second harmonic of either 99 kc/s. or 
100 ke/s. generated in the modulator system would 
have given 198 ke/s. and 200 kc/s., either of which, 
although small in amplitude, would not be effectively 
attenuated when F2 is tuned to the required fre- 
quency of 199 ke/s. 

Frequencies in the spectrum 10/-31f, f-8.1f and 
0.1f-0.31f are therefore obtained by a further stage 
of mixing as compared with frequencies in the 
spectrum 31/-100f, 3.1f-10f and 0.31f to f.. By 
employing the above principle it is possible to obtain 
10,000 frequencies at intervals of 1 ke/s. individually 
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in the spectrum 1 ke/s.—10 Mc/s. with the four 
decades as shown in Fig. 1. 

In order to make the equipment continuously 
variable, a free oscillator covering the range 5 ke/s.— 
10 ke/s. can be substituted for the kilocycle decade. 
When this is synthesized the resultant frequency will 
have an additional inaccuracy over that given by 
the crystal due to the calibration accuracy of the 
free oscillator. 


Applications to Frequency Measurements 


In the field of freauency measurement and calibra- 
tion the frequency synthesizer is invaluable. There 
are two generally known methods of measuring fre- 
quency, i.e., interpolation at radio frequency and 
successive heterodyning to reduce the frequency for 
measurement to be carried out at low frequency. 
Both methods involve limitations to the precision 
attainable, and considerable skill is necessary on the 
part of the user in making the measurement. 

The interpolation method needs a stable open scale 
oscillator covering the range of frequencies desired 
to be measured. The oscillator is adjusted in the 
region of the unknown frequency fx and is set to 
zero beat successively with fa and with harmonic 
standard frequencies above and below fa. This inter- 
polation oscillator must have a known frequency law 
which should preferably be linear and can be cali- 
brated by reference to the harmonic series from the 
standard. Frequency given by a scale setting % 
representing fx can be determined by interpolating 
between scale readings 9: and ®: given by adjacent 
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SCALE DESIGNATIONS RANGE | ..1-/918/7/6/5/4/ 3/1 
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RANGE 5. |-lOlI1213I4/=[-[-[= 
RANGE. 6../O/1/2/3/4[-|-|-[-|- 
RANGE 7../O/1[2/3/4[-[-|-|-|- 
RANGE 8..{-[9/8/7/6/5/4/3)1 
RANGE 9..[-/O[1/2/3/4[-|-|-|- 
RANGE 10../=[0/ 1/2/3/4/-|-|-|- 
RANGE 11. (Oli [2/3/4{-[=|=|-|- 
RANGE 12. /O[1/2[3/4|-|-|-|-|- 
RANGE 13..|-[9/8/7/6/5!-|-[-lO 
RANGE 14../9 76 Bt 
RANGE 15..[9/8/7/6|5/-/-|-|-|- 
RANGE 16. [-[9/8/7/6/5/-I-|-I- 
FIG. 16. TABLE SHOWING HARMONICS SELECTED - 
IN EACH RANGE IN THE IOOKC/S. DECADE. 








harmonic frequencies from the standard. The 
accuracy with which fx can be measured depends 
on the linearity of the frequency law with respect 
to the scale divisions and on the reading accuracy 
of the scale, which is limited by the number of ranges 
employed to cover the desired frequency spectrum. 
Other limitations are due to the ‘‘approach error’ 
of the variable element of the L-C circuit. This 
limitation is always present to some degree in any 
mechanically operated device. 

The order of the harmonic used must be ascertained, 
and when this cannot be done with certainty a 
harmonic series of a wider spacing, i.e., of a higher 
order, is used to locate a cardinal point near fa. A 
series having .a finer spacing can then be used by 
counting the heterodyne beats from the cardinal 
point as the interpolation oscillator is adjusted to 
the adjacent harmonic below fe. 

Owing to the frequency drift of the interpolation 
oscillator, the accuracy of setting is limited by the 
time necessary to carry out the test and this process 
is very unsatisfactory when tests are being made on 
a frequency which is drifting, e.g., transmitter drift 
from ‘‘switching on’’. 


Successive Heterodyning 


When the difference frequency between the 
unknown frequency fx and the adjacent harmonic of 
a standard frequency is too large to be determined 
by low frequency comparison devices, successive 
heterodyning is utilized to reach this condition. The 
frequency fx is mixed with a frequency H: where H: 
is the adjacent lower frequency obtained from the 
harmonic series of the standard. The difference 
frequency (fa—H:) is then mixed with a second 
harmonic H:2, where H: is the adjacent lower fre- 
quency obtained from a lower order of harmonic 
series. This process is repeated as shown in Fig. 19 
until the final difference frequency can be determined 
by any of the known low frequency devices. The 
difference frequencies are obtained by modulators 
which mix the two components to produce their sum 
and difference frequencies. The unknown frequency 
fe can therefore be determined in terms of the 
standard, if the low-frequency comparison is carried 
out by reference to a sub-multiple of the standard. 
The accuracy of measurement is then only limited 
by the accuracy of the standard. 

The number of stages of mixing employed will 
determine the simplicity of measurement., Where fa 
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is not known approximately, the order of its fre- 
quency may be ascertained by means of a reference 
oscillator. The required calibration accuracy of the 
reference oscillator will depend on its frequency 
spectrum. For simplicity of measurement it should 
locate the frequency fa within an audible range, e.g., 
10 ke/s. If, therefore, the higher limit of the fre- 
quency spectrum is 10,000 kce/s., an accuracy of 
0.1 per cent will be required. 

When the harmonic series is arranged on the 
decade system and means are provided for selecting 
the harmonics individually, the process will be con- 
siderably simplified. 


Example: Let fx be 9,876.543 kc/s. 


The approximate frequency of fa is determined by 
heterodyning to zero beat with a reference oscillator. 
This will locate the frequency of fa as lying between 
9,886 and 9,866 kc/s., when the reference oscillator 
has a calibration accuracy of 0.1 per cent. The first 
two digits of the frequency have therefore been 
determined as 9 and 8. 


With fx = 9,876.54 ke/s. 


H: = 9,000.000 kc/s. = 9th harmonic of 
1,000 ke/s. series 


ll 


fa — Hs = 876.543 ke/s. 
H: = 800.000 ke/s. = 8th harmonic of 
100 ke/s. series 


ll 


fa — Hs — H: = 76.548 ke/s. 


The value of the third digit has been determined 
by the reference oscillator as 8, 7 or 6. Using a 


Fig. 19. 
Block"diagram illustrating successive heterodyning 


fx 
907-654 kcA 
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10 kc/s. harmonic series :— 
The 8th harmonic—76.543 ke/s. = 3.457 ke/s. 
76.543 ke/s.—7th harmonic = 6.548 kc/s. 
76.543 ke /s.—6th harmonic = 16.543 kc/s. 
It will be noted that there are two audible frequencies 
which are less than 10 ke/s. In order to make the 
sum of the harmonic values indicate fx it is necessary 
to select the lower of the two harmonics which give 
a difference frequency less than 10 kc/s., 1.e., 
70 ke/s., is selected and not 80 kc/s. The difference 
frequency of 6.543 kc/s. is then mixed with the 6th 
harmonic of a 1 ke/s. series, and so on. 


It is found in practice that the number of stages 
of mixing is limited, because each modulator will 
produce some distortion. There will therefore be 
harmonics of each difference frequency which may 
cause some ambiguity in the final beat note. 


With the frequency synthesizer of the type illus- 
trated it is possible to produce a frequency close to 
a radio frequency to be measured, and a low fre- 
quency oscillator covering the range 500 c/s.— 
1,500 c/s. is provided to measure the beat frequency 
produced between fa and fs (the frequency given by 
the frequency synthesizer). This difference fre- 
quency can always be between 500 c/s. and 1,500 c/s. 
If the synthesizer frequency is set low of the fre- 
quency to be measured, then fa is the sum of fs and 
the audio difference frequency. Moreover, it is very 
simple to check whether the synthesizer is set high 
or low of fx as 1 ke/s. intervals are available. Radio 
transmissions can be effectively de-modulated by 
feeding the relatively large output from fs into the 
aerial circuit, when the clear beat frequency can be 
readily measured. 
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Electronic Colour Television 


SIMULTANEOUS demonstration of two types 
of three-colour television receivers was recently 
given in Washington by Radio Corporation of 
America engineers. The all-electronic scanning and 
modulating circuits were fed to basically similar 
= ray tubes; one a single beam type, the other, 
triple. : 
525-line vertical definition was used, but the 
horizontal definition was rather inferior to the usual 
standard achieved with a purely black and white 
tube because of the metal masking screen interposed 
between the fluorescent surface and the electron gun, 
or guns. This masking screen contains 117,000 per- 
forations, each of which allows electrons to pass 
through as required to activate either the red, green 
or blue phosphor, or a combination of these. 

Great emphasis was laid on the ‘‘compatibility” 
of the new system—older type receivers reproduce 
the demonstrated transmission as if it were wholly 
black and white, and conversely the new colour 
receivers reproduce a monochrome programme in 
black and white without adjustment. 
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Microwave Lenses 


By J. BROWN, M.A., and S. S. D. JONES, M.A.* 
Part Ill 


FBS of perfectly conducting parallel plates as 
shown in Fig. 18 can support an_ infinite 
number of modes, each of which has a different field 
distribution and velocity of propagation. If the 
electric vector is normal to the plates, the principal 
mode has only transverse components of both electric 
and magnetic vectors and the field configuration is 
identical to that of a plane wave propagating in free 
space. The velocity of propagation between the 
plates is the same as for free space, this being the 
only mode for which this is the case. If, on the 
other hand, the electric vector is parallel to the plates 
it must vanish on the plates since they are perfect 
conductors, and it is not possible for the above mode 
to be established. All the possible modes have com- 
ponents of the magnetic field in the direction of pro- 
pagation as well as transversely, and it may be shown 
from Maxwell’s equations that the simplest of these 
modes has the field components 


E,=E. sin Tx/a. exp j(“t—*z) : Ex=E.=O 
Hx= —*/ou. Eo sin Tx/a.exp j(“t —*z) |e 
Hy=O: Hi= —7/joba . cos Tx/a. exp j(¢t —*z) 
where the system of axes 2, y, z is shown in Fig. 18, 
a is the spacing between the plates, 
» is the angular frequency, 
k = V(x’-—7’/a’) is the propagation constant 
within the plates, 
K is the free space propagation constant, 
# is the permeability of free space. 
M.K.S. units are used throughout. 


x 











He-O +o 


7 >Z 





, catia 
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Fig. 18. 
Parallel conducting plates 


This will be recognised as being the He. mode 
which exists in rectangular waveguides.” Because 
of this, metal plate lenses are frequently referred to 
as waveguide lenses. The phase velocity of this mode 
is 

v=o/k=v0/ V(1—'/ 4a’) Suniee pda viewene (29) 
where o is the free space wavelength. 

If the plate spacing a satisfies the condition 

Oe AMER PS iat cncdconsabanievnvaiece (30) 


then the above mode is the only one which is freely 
propagated within the plates. All the other modes 





* Radar Research and Development Establishment, Ministry of Supply. 
F 


which may exist within the plates are rapidly 
attenuated and do not cause any flow of power. 

The possibility of using this mode of propagation 
in a lens was suggested during the recent war by 
N. M. Rust’ in this country and independently by 
W. E. Kock* in America. If a stack is formed by a 
number of plates spaced apart at equal intervals a, 
then it follows from Equations 2 and 29 that the 
stack will behave as a dielectric of refractive index, 


= V (1—A0’/ 4a’) Coc cecccccvccccccnseeocese (31) 


The value of this refractive index is always less than 
unity, as in the case of the rodded dielectric discussed 
at the end of the last article. This type of dielectric 
is, in fact, a limiting case of the rodded dielectric, 
where the rod radius r and the spacing d (c.f. last 
article) both tend to zero, while the spacing a must 
exceed 0/2. The metal plate dielectric was, of 
course, in use before the rodded dielectric was 
suggested, and is the oldest of the artificial dielectrics. 


It might be thought that a refractive index of less 
than unity, implying a velocity of propagation 
exceeding that of electro-magnetic waves in free 
space, is at variance with the theory of relativity. 
The velocity, involved in the definition of refractive 
index, is the phase velocity, which may be regarded 
as the velocity with which the shape of a wave is 
propagated. The velocity with which energy flows 
between the plates, i.e., the group velocity, is, in 
fact, less than that in free space. Since this is also 
the velocity with which a signal is transmitted, the 
theory of relativity is not violated. 





4 6 8 10 12 
Ao( cms). 
Fig. 19. 
Dependence of refractive index on wavelength 


The refractive index varies with the free space 
wavelength: i.e., the medium is dispersive. The 
variation is shown in Fig. 19 where the refractive 
index is plotted against free space wavelength for 
a plate spacing of 6 cms. If the wavelength exceeds 
12 cms., no propagation is possible (c.f. Equation 30). 


Profiles 


The calculation of the profile of a waveguide lens 
designed to produce a pencil beam follows the same 
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general principles as for the dielectric lens considered 
in Part I, but there are two important differences” : 
the first is, of course, the fact that the refractive 
index is less than unity, and the second that within 
the lens the waves may only travel in directions 
parallel to the plates. This constraining action of 
the plates means that Snell’s law does not necessarilv 
hold at the interface of a waveguide lens, and leads 
to some complication in the calculation of the lens 
profiles. The discussion of the profiles is most simply 
carried out if two cases of a cylindrical lens, i.e., 
one which focuses the incident radiation in only one 
plane, are considered independently : in the first case, 
Snell’s law is always obeyed, and in the second the 
constraining action of the plates is introduced. 

In the first case, all the plates are of the same 
shape and are spaced apart at intervals a in the 
y-direction as shown in Fig. 20. The primary feed 


x 


. 








E-plane cylindrical lens 


for this lens must be a line source extending at right 
angles to the plane of the diagram and producing 
a field whose electric vector lies in the plane of the 
diagram. The most general case, when both lens 
surfaces are curved, is shown and it is obvious that 
the ray path through the lens will not be parallel 
to the axis if the emerging beam is to be parallel. 
It is not possible to determine both surfaces unless 
some additional condition is postulated. For the 
simplest case, in which the outer face is to be plane, 
the equation of the inner face is determined exactly 
as in Part I, except that n is less than unity. The 
cartesian form of this equation is from Equation 10 

a’ + (1—n’)2" + 2(1—n)fz =O ............... (32) 
where f is the focal length, FO. This equation now 
represents an ellipse, since n, which is the eccentricity, 
is less than unity. In this special case of a plane 
outer face, the ray path through the lens must be 
parallel to the axis, since the outer face cannot con- 
tribute to the collimation of the beam. 

In the second case, shown in Fig. 21, all the plates 
are rectangular in shape and extend at right angles 
to the diagram in which direction they are all of the 
same length. In the plane of the diagram they are 
of varying length, as shown. The primary feed once 
again extends at right angles to the plane of the 
figure and must radiate a field having its electric 
vector also in this direction. Within the lens the 
ray paths are necessarily parallel to the axis, and 
so Snell’s law will not necessarily be obeyed at the 
lens surfaces. The equations of the lens surfaces 
must satisfy a relation obtained from the condition 
that the optical path lengths must be such as to 
produce a plane lane front emerging from the lens. 
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If the equations of the two lens surfaces are z = f(x) 
and z= g(a), then it follows immediately by con- 
sidering the paths FOC and FAB, that 

f+e(a)=n{ g(x)—f(x) }+ [a+ {f+ f(x) }'}... (33) 
since the points A and B have the co-ordinates 
[x, f(x)] and [a, g(x)] respectively. Once again 
some further condition is necessary for the complete 
determination of both surfaces. If this condition be 
that the outer face be plane, i.e., g(x) = O, then 
Equation 338 reduces to 


f = —nf(z) + [a + {f + f(a) } PP. (84) 
and so the equation of the inner surface becomes, 
after some simplification, 

scene eae (35) 


a’ + 2(1—-n)fz + (1—n’)2? = O 
which is identical to Equation 32. It is only in this 


? 











Fig. 21. 
H-plane cylindrical lens 


special case of a plane outer face that the two types 
of cylindrical lenses discussed here have identical 
profiles. The distinctive feature of this case is that 
in the first type of lens the ray paths are parallel 
to the lens axis. 

It is evident from this discussion of cylindrical 
lenses that the design of a spherical lens must be 
approached with some care. The special case -of a 
plane outer face is the simplest since the contours 
in both planes of the spherical lens are identical. 
This, of course, follows from the results of the dis- 
cussion on cylindrical lenses above. It may be shown 
by further analysis that the inner face of the 
spherical lens is the surface of revolution obtained 
by rotating the curve of Equations 32 or 35 about 
the z-axis. When both surfaces are curved, how- 
ever, the cross-sections of the spherical lens in the 
electric and magnetic planes are not identical and 
so the lens will not be a simple solid of revolution. 
The calculation of the equations of the surfaces in 
this case is a matter of some complexity. 

It is possible, however, to obtain a symmetrical 
spherical Jens even though both surfaces are curved. 
This is achieved by inserting conducting plates at 
right angles to the original set, so that the waves 
passing through the lens are constrained in both 
planes, to travel parallel to the lens axis. If it is 
only desired that the lens should operate with the 
original plane of polarization, then the spacing 
between the additional plates is not critical but 
should preferably be less than the free space wave- 
length. On the other hand, if this spacing is also 
made equal to a, then the lens will operate for any 
plane of polarization as may be seen by resolving 
the incident electric vector into two components 
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respectively parallel to the two sets of plates. There 
are two simple methods of constructing symmetrical 
lenses: (i) the various plates may have slots cut 
in them and are then fitted together just as are the 
spacing sections in an egg-box; for this reason such 
lenses are often referred to as egg-box lenses: (ii) 
the lens may be assembled from tubes of square 
cross-section welded together. The contours of 
spherical egg-box lenses are obtained by rotating the 
curves of the cylindrical lenses of the constrained 
type about the z-axis. 


It is, of course, possible to apply the stepping 
process, described in Part I with reference to 
dielectric lenses, and in practice all metal plate 
lenses, with the exception of the very smallest, are 
stepped. The modifications required to the contour 
equations are quite straightforward and may be 
derived as for the dielectric lens. When the outer 
surface of the lens is plane and the inner surface is 
stepped, which is the commonest case, the equation of 
the jth curve P:-Q; (see Fig. 22) is 


a + (1—n’)2* + 2fz(1—n) + 2(j—1)nzd 
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the metallic delay lenses discussed in Part II. Since 
the refractive index depends both on the plate 
spacing, a, and the free space wavelength, 
(Equation 81), the tolerance on the refractive index 
imposes a tolerance on the plate spacing and a 
limitation on the range of wavelengths over which 
the lens may be used. 


The tolerance on the plate spacing (5a) is readily 
obtained by differentiating Equation 31 and is 


OG = AO NOTING. i diccds cebesoats (37) 


Substituting the value 6n=)./16a from Equation 25, 
where @ is the lens thickness, there results, 


Set) aK WIC”) (38) 


Consider the case of a lens operating at 10 cms. with 
a refractive index of 0.6 whence the plate spacing a 
is 6.25 cms. If the lens is unstepped and of thick- 
ness 50 cms. (a high value) the tolerance $a is 
approximately 0.8 mm. It is possible to insert metal 
spacers at right angles to the plates and so this 
tolerance on the plate spacing a be satisfied. Since 
e 


























—(j-1)V" -2(j-DAP =O oe. (36) these spacers are at right angles to the electric 
Qj Pj Pt. 
Qja Pj-t 
Q2 P2 
9, F 
F f °o 
C)) 
F ie} Fig. 23. 
Fig. 22. Lens contours for bandwidth discussion 


Stepped lens 


This equation will apply to either of the two types 
of cylindrical lens, because of the special symmetry 
when the outer face is plane, and the spherical case 
may be obtained by rotation about the z-axis. 


So far in this article it has been tacitly assumed 
that all the plates used in the construction of metal 
plate lenses are perfectly conducting and infinitely 
thin. The conductivity of metals such as aluminium, 
copper, etc., is so high that the attenuation of the 
wave caused by the finite conductivity is negligible, 
being of the order of 0.02 db. for lenses of practical 
thickness. If the spacing between the plates is main- 
tained at the correct value, then plates of reasonable 
thickness may be employed without any deterioration 
of the radiation pattern and only a slight loss of 
gain. At a wavelength of 10 cms., for example, 
aluminium plates } inch thick may be safely used 
in the construction of lenses. 


Tolerances and Bandwidth 


Metal plate lenses (this now being taken to include 
the case of egg-box lenses) are subject to the same 
tolerances on lens thickness and refractive index as 


(a) Unstepped lens. (b) Stepped lens. 


vector, they will exert only a small influence on the 
performance of the lens. If the lens is stepped its 
maximum thickness is approximately \./1—n, i.e., 
25 cms., for the above wavelength and refractive 
index. The tolerance on plate spacing for a stepped 
lens is therefore about 1.5 mm. and does not depend 
on the number of steps. 

The discussion of the bandwidth of metal plate 
lenses is complicated by the dependence of the 
equation for the profile of a stepped lens on the 
design wavelength.” Stepped and unstepped lenses 
will therefore be considered separately. It may be 
readily shown that the maximum phase error, arising 
when an unstepped lens is operated at a wavelength 
differing from the design wavelength, occurs at the 
outer edge of the lens where the thickness is a 
maximum. The phase difference in radians between 
the two points 0, Q on the outer surface of the 
unstepped lens of Fig. 28a is 


O 2 OP (r + at— fr wicca. (39) 


At the design wavelength \., this difference must be 
zero, and so 
| faeet EE a eR oe (40) 
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Equation 39 therefore gives the phase error at the 
outside of the lens when the wavelength differs from 
A., and so on substitution from Equation 40 the phase 


error becomes 
$ = 2T(n—No)t [A o........ cece eeee (41) 


If the wavelength ) differs from the design wave- 
length \ by the small quantity 5A, then it may be 
shown by differentiating Equation 31 that 


1—nvo’) 5A 
n = No— Se: sla (42) 
n X 
and so the phase error is 
27 (1—no’)t 5A 
so ee (43) 


AQ  tertetteessess 


Since the amplitude distribution is usually tapered 
off at the edges of the lens, a larger phase error can 
be tolerated than the value of 27/16 radians used 
in discussing the random errors arising from varia- 
tions in lens thickness and plate spacing. In fact, 
Kock has verified experimentally that phase errors 
of up to 27/8 radians are permissible at the outer 
edge of the lens, before the radiation pattern 
deteriorates noticeably. When this value is substi- 
tuted in Equation 43, the maximum permissible 
deviation in wavelength 6) is obtained. Let B be 
the bandwidth expressed as a percentage of the 
design wavelength and allowing for both positive and 
negative values of 54, Then B is given by 


Noro 


25n0 Ao 
B= ia (44) 
When n = 0.6 the bandwidth will be 
= i (45) 
io 


For reasonably large unstepped lenses, (1—no)t will 
be several times the wavelength \., so that the band- 
width will never exceed a few per cent and decreases 
as the size of the lens increases. 


In the case of a stepped lens (Fig. 23b) the phase 
error is again worst at the edge, provided that the 
lens contains a number, say j, of complete zones. 
The phase difference between the two points O, Q 
will be 27(j-1) radians at the design wavelength 
because of the stepping process and so 

r—f = (j-—WAc— nt ................. (46) 
At any other wavelength the phase difference 
between the points O, Q will be given by Equation 39. 
The phase error ¢' is obtained from this by subtract- 
ing the desired phase difference of 27(j—1) radians 
and becomes after substitution from Equation 46 
% = 27/d[(j—1)(c—A) + (n—-n)E#] ........ (47) 
When A is replaced by \ + 6A and the value of n 
given by Equation 42 is inserted, Equation 47 
reduces to 
¢ = 2275/2. [(j—-1) + (1 — no )t/ nrc] .... (48) 
For a stepped lens (1—no)t = 4, and so the band- 
width for the same phase error as above may be 
readily obtained and is 
B = 25no/ (1 + jno) (49) 
If n = 0.6, the bandwidth of a lens having three steps 
will be about 5.4 per cent. An unstepped lens of 
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the same aperture will have a maximum thickness 
given by (1—no)t = 3 and so its bandwidth will be 
only 3.1 per cent, which is considerably less than for 
the stepped lens. It may be shown that a stepped 
lens has always a greater bandwidth than an 
unstepped lens of the same aperture. Since it was 
shown above that a stepped lens also has a greater 
tolerance on plate spacing than the corresponding 
unstepped lens, it will be seen that the case for 
stepping metal plate lenses is a strong one. 





Fig. 24. 
8 ft. metal plate lens 
Crown Copyright reserved. Reproduced by permission of the Controller of H.M.S.O. 


Bandwidths of the order of a few per cent are quite 
sufficient for many practical purposes, but, if 
required, metal plate lenses may be made to operate 
over a larger range of wavelengths than that given 
by the above relations.” It may be shown that for 
small changes in wavelength the effective focal length 
of the lens is changed, and that most of the phase 
error caused by the change in wavelength may be 
removed by an alteration in the position of the 
primary feed. Accordingly, if provision is made for 
adjusting the primary feed position the range of 
wavelengths over which the lens will operate success- 
fully is increased. 

A second method of increasing the bandwidth is 
to make an achromatic doublet, i.e., to combine two 
lenses with opposite frequency characteristics just as 
is done in optics. A metal plate achromatic doublet 
may consist of a combination of a convergent stepped 
lens with a divergent unstepped lens, the combination 
being such as to produce a pencil beam from a point 
source. 


Methods of Construction 


For wavelengths from about 3 to 11 cms., metal 
plate lenses are most easily made by using sheets 
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of aluminium or copper and maintaining the correct 
spacing by means of metal spacers. The lens shown 
in Fig. 24 is constructed in this way and the spacers 
may be clearly seen. This lens is 8 ft. in diameter 
and is designed for a wavelength in the 10 cm. region, 
the refractive index being 0.6. It has one step which 
may be clearly seen in the photograph. A lens with 
several steps and intended for use in the 3 em. band 
has already been shown in Part I. 


When the wavelength is less than 3 cms. it becomes 
difficult to maintain the tolerance on plate spacing 
by the above method: in addition, the thickness of 
the metal plates required to achieve a rigid con- 
struction becomes objectionably large in terms of the 
design wavelength. It has been suggested by the 
Bell Telephone Laboratories that at these wave- 
lengths the spacing be maintained by the light weight 





10-8 -6 -4 -20 2 4 6 8 10 
DEGREES OFF AXIS. 
Fig. 25. 
E-plane radiation pattern of 8 ft. lens 


foam plastics used in the construction of delay lenses 
and that the metal plates take the form of thin sheets 
of metal foil. 


Kock has also suggested replacing each metal plate 
by a curtain of wires, such a system being possible 
at longer wavelengths. If the spacing between the 
wires is less than \./4, then each curtain will behave 
electrically in almost exactly the same way as the 
metal plate it replaces. Such a system is a special 
case of the rodded lens discussed at the end of Part II, 
and it appears that when this type of construction is 
possible, it is preferable to use a rodded lens of the 
more general type described in Part II. The principal 
difference between metal plate lenses and rodded 
lenses is that the latter impose no constraints on 
the direction in which the waves flow, and thus more 
nearly approximate the homogeneous nature of a 
solid dielectric lens. 
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Performance of Metal Plate Lenses 


A considerable amount of experimental work has 
been carried out both in this country and in America 
on metal plate lenses. It has been found that the 
shape of the radiation pattern of such lenses agrees 
well with theoretical predictions; a typical pattern, 
that for the E-plane of the lens shown in Fig. 24, is 
shown in Fig. 25. The level of the first side-lobe is 
about 22 db. below that of the main beam, a normal 
value for a well designed lens. This side-lobe level 
is about the same as that of a delay lens and com- 
pares well with that of paraboloids which rarely 
exceeds 16 db. below the main beam. On the other 
hand, the gain of a waveguide lens is invariably lower 
than that of a paraboloid of the same aperture size : 
the reasons for this will be discussed in Part IV. 


Circular Polarization 


The metal plate structure of Fig. 26 may be used 
to produce a circularly polarized wave from an 
incident plane polarized wave. If the electric vector 
is inclined at 45° to the plane of the plates, it may 
be resolved into two components respectively parallel 
and perpendicular to the plane of the plates. The 
wave whose electric vector is parallel to the plates 
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Fig. 26. 
Metal plate structure to produce circular polarization 


will be propagated through the stack of plates as 
though it were a dielectric of refractive index n, 
while the wave whose electric vector is perpendicular 
to the plates will be propagated through the stack 
in exactly the same way as through free space. These 
two waves will therefore undergo different phase 
changes in traversing a length I of the plates, the 
phase difference between them being 271(1—n)/ 
radians. If the length I is selected so that this phase 
difference becomes 7/2 radians, the two waves will 
combine on emerging from the plates to form a cir- 
cularly polarized beam. The length | required in 
order to achieve this is 4/4(1—n). Experimental 
verification of this shows that the length I, which 
actually produces circular polarization, differs 
slightly from this value, the reason for this being 
the reflexion effects which occur at the interfaces of 
the stack. 


(To be continued) 
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Reactive Circuits as Computers and Analogues 


By D. A. BELL, M.I.E.E. 


HE idea of an R-C combination of short time- 

constant as a “‘ differentiating ’’ network is very 
familiar, and the idea of a capacitor-charging circuit 
as an integrator arises from time-base work; but 
the expleitation of capacitive or inductive circuits 
for solving differential (or integral) equations 
requires some refinements, the technique for which 
has developed during the past ten years. The term 
‘** reactive-circuit computer ’’ is here suggested, in 
preference to the more usual “ electronic computer 
or analogue,’”’ in order to emphasise the distinction 
from electronic digital computers, which are very 
much more elaborate. 

The use of reactive-circuit computers for gunnery 
** predictors ’”*” illustrates the point that they are 
applicable where the numbers of computers required 
would prohibit the use of the bulky and costly digital 
electronic computer, and there is the same argument 
for the use of these computers in industrial prob- 
lems.” Their limitation is that the accuracy of 
answer depends on accuracy of reading a current 
or voltage, and cannot be increased by using more 
intricate circuits; digital computers, on the other 
hand, can be made as accurate as may be required 
at the cost of adding more circuits to provide 
additional digits, and with only on/off output 
indications. 

Apart from computers which form part of the 
working system of some piece of equipment, the 
other main use of these differentiating and integrat- 
ing circuits is in ‘‘ analogues’”” or “ simulators,’” 
which are devices to cause electric current (or 
voltage) to vary with time in the same way as some 
mechanical property of an actual system (e.g., 
position or speed of a rotating shaft, temperature 
of a temperature-controlled system, etc.). The 
reasons for constructing an analogue, rather than 
experimenting on the actual system, may include 
the following :— 

(1) The analogue is not liable to damage if 
operated in ‘‘ fault ” conditions. 

(2) The time-scale may be either faster or slower 
than that of the actual system, to facilitate observa- 
tion. 

(3) Adjustments are easily made to the analogue 
until a satisfactory result is seen tc be achieved. 
One can then try to modify the actual system to 
have the same characteristic equation as_ the 
successful analogue. 

The object of the present paper is to examine the 
general principles involved in these computing cir- 
cuits, and suggest reasons for the concentration of 
technique on a very few of the possible circuit 
arrangements. 

Many mechanical systems can be represented to 
a reasonable approximation by linear differential 
equations with constant coefficients, and such 
equations need the following mathematical opera- 
tions :— 

(i) Add and subtract. 


(ii) Multiply a variable by a constant. 


(iii) Either differentiate or integrate. 

A differential analyser for solving more general 
equations would also have to perform a fourth 
operation :— 

(iv) Multiply together two variables. 

Operation (iv) is difficult to perform accurately. 
It is necessary for a machine designed to solve 
mathematical equations in general (a differential 
analyser), but is unnecessary in the analogue treat- 
ment of many mechanical systems, and falls outside 
the scope of this article. For reference, however, 
the main methods of multiplication are summarized 
as follows: 

1. Mechanically by a 
divider.’ 

2. Electronically by using a modulator (which is 
essentially a multiplying device). If the two inputs 
to the modulator are at different frequencies it is 
possible to use negative feed-back of the individual 
frequencies to linearise the modulator, as has been 
suggested in frequency modulators.’ 

3. Electronically by taking logarithms, adding 
and taking the antilogarithm. Devices for electroni- 
cally converting into logarithms and back again can 
be based on the exponential law of current versus 
voltage which occurs when electrons have to pass 
a potential barrier, e.g., in barrier-layer rectifiers 
or in retarding-field diodes. 

4. Electronically by the method of ‘ quarter- 
squares’ (see the last instalment of Mynall’s 
paper’), which uses the identity 

A x B=3[(A + B) —- (A — BY’). 
Subtracting is provided for (operation (i)) and 
squaring can be done by using a pair of approxi- 
mately square-law valves with push-pull input and 
parallel output to eliminate the residual linear term 
and odd harmonics. 

5. ‘* Electron-mechanically ’” by the combination 
of a cathode-ray tube and a mask cut to the shape 
of one of the functions. This is similar to the servo- 
driven potential divider, but with electronic deflexion 
instead of a servo motor and with a varying second 
voltage produced by photo-following the mask edge 
in place of the second voltage which is applied across 
the potential divider in method 1. 

6. By “ crossed fields’’ and electron beams. 
This method depends on the fact that a moving 
electron is equivalent to a current, and when moving 
through a magnetic field it experiences a magnetic 
force proportional to its velocity and at right angles 
both to its direction of motion and to the direction 
of the magnetic field. Consider then a c.r.T. with 
a deflecting voltage applied to the first (Y) pair of 
plates. When the electron beam enters the second 
(X) pair of plates, it has a velocity along the Y axis, 
as well as the forward velocity towards the screen. 
A coil is wound round the tube near the X plates, 
so as to produce a longitudinal (Z) magnetic field 
(like a focusing coil). The combination of Z mag- 
netic field and Y velocity will produce an X deflexion, 


servo-driven potential 
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which is annulled by means of a photocell detector 
feeding back voltage to the X plates. The output 
is then the voltage on the X plates. 

It is also fairly easy to represent electronically 
non-linear systems which are excessively compli- 
cated to handle mathematically. Biased diodes’ and 
metal rectifiers can represent respectively discon- 
tinuous linearities such as back-lash or “‘ stiction ”’ 
and continuous non-linearities such as friction vary- 
ing with speed or saturation of magnetic circuits. 

The basis of performing electrically operations (i), 
(ii) and (iii) is a circuit for obtaining an output 
voltage proportional to the current in a circuit, 
while leaving the current strictly proportional to the 
input voltage only. In every case there is a current- 
determining impedance (which must be high) and 
a current-to-voltage transforming device of which 
the impedance must be low enough to have negli- 
gible effect on the magnitude of the current. The 
latter device is therefore similar to the shunt used 
with a millivoltmeter to make an ammeter; and the 
essential feature of analogue technique is the use 
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(a) Basic circuit for operations (i), (ii) and (iii) 
(b) Shows the feed-back amplifier added 
(c) A more conventional layout of (b) 




















of negative-feed-back amplifiers to minimize the 
effect on the circuit current of the current-operated 
device. In the simple circuit of Fig. 1(a) the whole 
of the output voltage eo operates to disturb the flow 
of current i. (If Z is a pure resistance, eo simply 
opposes the current; but if Z is a reactance, as in 
a differentiating or integrating circuit, eo is in 
quadrature with i and tends to change the phase as 
well as the magnitude of the current). The modified 
circuit with a feed-back amplifier is commonly drawn 
as in Fig. 1(b), but is more easily understood if drawn 
as Fig. 1(c). As a result of the input voltage e 
there will be an output voltage from the amplifier 
of magnitude Ae:. The impedance Z is then con- 
nected between two points having potentials (rela- 
tive to earth) of e: and Ae:, so that the current flow- 


ing through itis 
ea (Oe |) yk’ Aa ee (1) 
But if A has practically infinite input impedance, i 


must be equal to i; and therefore with i determined 
by R, e: is to be deduced from i by means of Equa- 


ti 1): 
sae oe Pe ee am. (2) 
Mee Oe Oe ame (3) 


To get a useful result A must be made negative, so 
write A = —a: then for large values of a the factor 


whence 
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—a/(1+a)—+-—1 so that the output voltage is of the 
same magnitude as if Z had been directly in circuit 
as in Fig. 1(a) but has its phase reversed. The dis- 
turbing voltage in the current circuit, on the other 
hand, is now only e: = eo/ (1 + a), and for the same 
output voltage is reduced by the amount of the volt- 
age amplification ratio of the feed-back amplifier. 
Instead of lowering the effective impedance of Z 
we might in principle have raised the impedance of 
the current-controlling circuit by using an amplifier 
with current-derived negative feed-back, as shown 


eal R 
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Fig. 2. 
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schematically in Fig. 2, to represent an infinite- 
impedance source of current. There are two prac- 
tical difficulties which make the scheme unattractive : 

(a) It is difficult to contrive the current-derived 
feed-back while still having an earth on one side of 
both input and output circuits. 

(b) It is often convenient in the first place to use 
circuit elements having an impedance of the order 
of a megohm, and it is desirable to use a feed-back 
factor of at least 1,000 times. If instead of lowering 
the effective value of Z to a few ohms we raise the 
effective value of R to thousands of megohms, both 
leakage and capacitive pick-up are liable to be 
troublesome. We can now perform the operations 
of addition and subtraction with the circuit of Fig. 
3 which is a particular case of Fig. 1(b). By the 
use of the high-gain feed-back amplifier A the sum- 
ming resistance Rs is made to have negligible effect 
on the currents in the circuit, so that to a good 
approximation the total current is independent of 
Rs and is 

is ~Ei/R + E:/R + ......... fle EGS oa ccds (4) 
assuming equal resistors R in all the input branches. 
(For subtraction the polarity of the appropriate E’s 
is reversed.) Using Equation (3) with A large and 
negative, 

eo (—R./R)(E: + E: + ...... a Rees (5) 
The exact formula, to take account of finite ampli- 
fication and different values of R which may be used 
in the individual input circuits, is given by Korn’: 


eo = —R.= R_.2 oe. a oe 
Re | 1-—A+ Rs= (1/ Rx) 

Any voltage developed across Rs tends to feed 
current back into all the input resistors in parallel, 
hence the term in the denominator of the correction 
factor which multiplies Rs by the sum of the input 
conductances, i.e., it is of the form R:/Re where 
R. is the effective resistance of R:, R2, etc., all in 
parallel.* 








* It has been claimed that the magnetic amplifier provides an ideal method 
of adding or subtracting a number of independent quantities without inter- 
connecting them, by providing a separate set of windings for each of the 
quantities on a common magnetic core system. The author does not wish to 
belittle the value of the magnetic amplifier in general, but this particular 
claim for itis very dubious. If the quantities to be added were truly constant, 
the claim would be true though the result achieved would be trivial; but if 
at least one of the quantities is variable, there must surely be interaction via 
the mutual inductances between the several sets of windings on a common core 
system. Another objection to the usual type of magnetic amplifier for 
computing circuits is that the efficiency factor of the rectifier in the output 
circuit of the magnetic amplifier introduces a margin of uncertainty, in 
addition to the fact that the amplifier itself is at least as non-linear as a valve 
amplifier. It is therefore necessary to use negative feed-back over the magnetic 
pen seer which, combined with its limited input resistance, makes it relatively 
insensitive. 
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Multiplying by a constant is easy provided that 
the constant is less than unity, which can be ensured 
by first dividing the equation through by the largest 
of the constant coefficients. It is then only neces- 
sary to apply the signal to a potential divider which 
has been set to a ratio equal to the desired (frac- 
tional) constant. 

For the third operation there is a four-fold choice : 
one can either differentiate or integrate, and for 
either of these operations one can use either induc- 
tances or capacitors. Taking the second pair of 
alternatives first, it is almost universal practice to 
use capacitors because they give a nearer approxima- 
tion to a pure reactance than do coils. This general 
proposition is particularly true at the low fre- 
quencies which are usual in analogue circuits, 
because dielectric loss tends to decrease with the fre- 
quency, while the reactance increases with falling 
frequency, so tending to infinite Q at zero frequency. 
The resistance of a coil, on the other hand, tends to 
a constant value at low frequency, while the reac- 
tance decreases with the frequency, so tending to 
zero Q at zero frequency. Thus, the resistance 
associated with self-inductance usually introduces an 
excessive error as indicated in Fig. 4(a), where the 
ovtput 


— (fy i, 2, | nee (7) 


eo = 








Fig. 3. 
A particular case of Fig. | (b) 


is not a true differential of i, even if the current is 
unaffected by the back E.M.F. ec. However, there is 
a well-known device in measuring technique for avoid- 
ing the resistive impurity of self-inductance: to use 
a mutual inductance instead. The £.M.F. induced in 
the coupled coil in Fig. 4(b) is —M.di/dt, indepen- 
dent of the resistance ri of the primary coil; and as 
long as no appreciable current is drawn from the 
secondary, the output voltage will be independent of 
r: and will be 

a ) | | Co ot (8) 


(The sign of eo can, of course, be adjusted as required 
by using either positive or negative mutual induc- 
tance.) Fig. 4(b) is thus a true differentiating cir- 
cuit, and J. G. Clarke* has suggested its use as such, 
though not primarily in computing or analogue cir- 
cuits. There still remain the objections that the 
magnitude of the inductive reactance is small at 
low frequencies and that Fig. 4(b) is more easily 
used with a constant-current generator (cf. Fig. 2) 
than with a feed-back output circuit of the type of 
Fig. 1(b). 

Fig. 4(c) is an approach to an integrator of the 
inductive type, since the current in a loss-free induc- 
tance would be 


Co = 


EO TIR TL RB i iisiiscinies (9) 
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The effect of the output resistance R could be mini- 
mized by a circuit of the Fig. 1(b) type, but the 
only way to eliminate the effect of the internal resis- 
tance r of the coil would be to make R negative, 
which is likely to be a tricky arrangement. 


Since it seems undesirable to use inductive cir- 
cuits on account of unavoidable resistance, the ques- 
tion is whether to use capacitor circuits as differentia- 
tors or as integrators. At first sight it might seem 
obvious to use differentiators, since an integrator 
can so quickly become ‘‘ full’’ and have to be re- 
set to zero. In Fig. 5(a) we have a circuit giving 
eo = (1/C) J i-dt, and clearly the integrating process 
must be stopped when eo approaches in magnitude 
the voltage of the source driving the current i, or 
failing that when it approaches the break-down volt- 
age of the capacitor, but no such limit is obvious in 
the circuit of Fig. 5(b) where eo = Ri ~ CR.dE/ dt. 
But consider the waveforms of input and “ differen- 
tiated ’”’ output in Fig. 6. In Fig. 6(b) the input 
has twice the slope of that in Fig. 6(a), so the out- 
put has twice the amplitude. But in Fig. 6(c) we 
have gone to the limit with a square step of input 
(infinite slope). Ideally the output should now be a 
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(a) Self-inductance 
(b) The remedy : 
(c) Inductive type of integrating 
pulse of infinite height and zero width, but in fact 
it is merely a pulse of height equal to the height of 
the input step, and of width governed by the CR pro- 
duct. So the differentiating circuit is limited in rela- 
tion to the steepness of slope it can handle, just as 
much as the integrating circuit is limited to a finite 
time of integration. The practical reason for prefer- 
ring the integrator to the differentiator seems to be 
that any interference is likely to be at a higher fre- 
quency than the signal (e.g., distortion products 
generated in a valve amplifier) and the circuit of 
Fig. 5(a) will tend to attenuate high frequencies 
while Fig. 5(b) would exaggerate them. 


The application of a constant voltage to an inte- 
grator of the type of Fig. 5(a) is intended to produce 
a voltage eo which rises linearly with time, and in 
fact the most familiar example of an integrator is 
the linear time-base generator. But since the RC 
product is finite, the rise of voltage in the Fig. 5 
type of circuit is in fact exponential, eo = 
E(1 — e-‘/©8). By expanding the exponential in 
powers of t/CR it can be shown’ that the time for 
which integration may be allowed to continue is 
related to the tolerable percentage error P by the 
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ime _.C : 
ae ae aa yt } Fig. 5. 
R inte- 





c es e & po aga 5 
a an 
T i + differentiator (b) 
© 
formula 


tmax = PRC/50 ee cceecccesseesece (9a) 


and the corresponding output voltage is then related 
to the supply voltage by 


Cmax = PE/50 ed eanecccdsoccesonece (9b) 


The use of a feed-back amplifier across the capacitor, 
on the principle discussed in relation to Fig. 1, multi- 
plies the effective value of the capacitor capacitance 
(because it reduces the potential rise across the 
amplifier input for a given current flow into the inte- 
grating system) and hence increases the time-con- 
stant of R and C. Because the back £.M.F, in series 
with the charging resistance is reduced below the 
output voltage by the amplification ratio of the feed- 
back amplifier, the output can now be a correspond- 
ingly larger proportion of the source voltage than 
that given by Equation (9b). A particular example 
of this is the Miller integrator (or Miller-Blumlein- 
Whiteley time-base circuit) which uses a single-valve 
amplifier with capacitor directly between anode and 
grid. However, it is not possible to obtain adequate 
gain from a single valve for really accurate work, 
and it is usual to employ something like a 3-stage 
D.c. amplifier. 


INPUT 


OUTPUT | | 


© (b) (<) 


Fig. 6. 
Input wave shapes and corresponding differentiated output pulses 


The error caused by imperfection of the integrating 
or differentiating circuits depends on the particular 
application, but in general it results in the analogue 
representing a system with more dissipation (e.g., 
more frictional loss in a mechanical system); and 
since all real systems have some dissipation it. is fre- 
quently possible to allow for the inherent dissipation 
factor of the integrators by setting to a smaller value 
the factors in the analogue which are deliberately 
included to represent the dissipation. The damping 
effect is illustrated in Fig. 8 of F. C. Williams’ paper,’ 
where it is seen that an amplification of 1,400 times 
in the feed-back amplifiers of the integrators still 
leaves a detectable error in the representation of an 
under-damped mechanical system. In a _ recent 
example’ of equipment for setting up analogue cir- 
cuits, the feed-back amplifier circuits have a gain of 
2,500 times. 


The fact that the CR circuit is not a true integrator 
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or differentiator can be demonstrated by taking the 
extreme case of the equation, 


Py/dt + y = © .......0.000.. (10) 


which represents a system capable of undamped 
sinusoidal oscillations of frequency 1/27 (e.g., an 
LC circuit of infinite Q and with the LC product 
equal to unity.) If we attempt to represent d’/dt’ 
in this equation by cascading two of the ‘‘ differen- 
tiating ”’ circuits of Fig. 5(b), the equation of the 
electronic circuit which is supposed to represent (10) 
will be 


d’y 1. dy 1 ; 
or. aaa ul 
dt’ | a ee * 0 | sai 


This looks like the equation of a damped oscillation 
of frequency 1/27RC and with Q of unity only. 
Practically, of course, two stages of Fig. 5 coupled 
together in a loop by amplifying valves constitute a 
multivibrator, and not a sinusoidal system. 





It is convenient to insert buffer-driver stages be- 
tween successive operative networks, so that the out- 
put of the earlier circuit can be connected to a high 
impedance load, while the later circuit is driven 
from a low impedance source, and such stages should 
give a voltage transfer ratio which is independent of 
valve characteristics. The simplest choice for the 
buffer stage is a cathode-follower, but it has the 
defect that the output voltage is always a trifle less 
than the input voltage—perhaps 1 per cent less. The 
same is true of the ‘‘ anode-follower,’’ which also has 
a lower input impedance. Probably the best is the 
‘* see-saw ”’ circuit’ in which the circuit values can 
be adjusted to compensate for the finite amplifica- 
tion of the valve and give an " ut voltage exactly 
equal to the input voltage. Although the aim is 
to make the voltage amplification equal to unity 
in all these circuits, they give a considerable power 
gain, because the input impedance is high but the 
output impedance low. 


The combination of the various circuit elements 
to make a complete computer or analogue must be 
varied to suit each particular application, but a 
number of examples have been described in the litera- 
ture, and they are being increasingly used as their 
convenience is appreciated. 
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A New 


Induction 








Heating 





Equipment .. . 





HE Ford Motor Company of England have just 
taken delivery of an induction heating equipment 
for the production of starter ring gears. 
The special requirements with regard to the range 
of sizes to be treated, simplicity of operation and the 
avoidance of coil changing were as follows: 


1. To harden the teeth in three sizes of starter 
rings varying between 10.2 in. diameter by 0.312 in. 
thick and 16.2 in. diameter by 0.5 in. thick to 
approximately 0.1 in. below the roots. This depth 
to be controllable within limits. 

2. To remove each of the rings from the quench 
bath at a predetermined rate so that they emerge 
at a temperature of approximately 200° C. for stress 
relief. 

3. The equipment should be capable of being 
operated by unskilled labour. 

4. Change-over from one size ring to another to 
be effected simply and rapidly. Coil changing to be 
carried out automatically within the machine. 

5. The rate of production to cover a total output 
of 900 small, 240 medium and 220 large rings per 
18 hours. 

The equipment was supplied by Redifon, Ltd., and 
comprises the following : 

1. a standard 25-kW radio frequency oscillator 

Type IH.5; 

2. power supply unit for the oscillator; 

3. a loading station consisting of the actual work 

coils, locating frame and quench bath. 

4. a sequence timing control unit. 


The complete assembly—less the power suvply unit 
which can be located at a convenient distance from 
the operating equipment—is shown in Fig. 1 (see 
above). 


Method of Operation 


After a ring is placed in the circular locating frame 
at the loading station (Fig. 2), the lid is closed and 
the subsequent sequence of operating events is 
entirely automatic. 

The ring is passed to a hydraulically operated car- 
riage which conveys it to a position immediately 
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the coils. Internally operated 


below 
mechanical fingers then raise it from the carriage 


heating 


into the heating coil (Fig. 3). The carriage then 
returns to the loading station and the lid opens 
ready for the next ring to be inserted at the 
operator’s convenience. 

When the ring is in position inside the heating coil 
the R.F. power is automatically applied. At the 
Curie point a power-factor correction capacitor is 
brought into circuit to provide correct matching. 

On the completion of the heating cycle the fingers 
release the ring so that it drops into the quench bath 
beneath. A wire mesh conveyor then removes it 
from the water and delivers it to the ejection bay. 
Heat exchanger coils are incorporated in the tank 
to limit bath temperature. The speed of the belt 
is regulated to ensure that the delivery temperature 
is of the order of 200° C. for stress relief, the neces- 
sary turbulence being created by the passage of the 
belt through the quench. 


Preselection and Trimming 


Changing production from one size to another is 
an extremely simple operation occupying a matter 
of only 30 seconds. The lever on the front panel 
of the loading station is put in the ‘‘reset’’ position 
and the correct locating frame is placed in the load- 
ing station. The main control wheel is then turned 
to the appropriate position for ‘‘small’’, ‘‘medium’’ 
or “‘Iarge’’ rings and the lever reset to the ‘“‘ready”’ 
position. The conveyor speed control is then 
adjusted to the correct setting which is indicated by 
the lighting up of a neon lamp. 

Circuit pre-selection and process timing are all 
automatic and are controlled by an interlocking 
switch circuit operated by contacts on the locating 
frame and on the control wheel. The system is fool- 
proof and R.F. power cannot be applied until controls 
are properly matched and the correct size ring 
inserted. This is checked by pressing the ‘‘on” 
button on the sequence timing control unit, when a 
blue lamp lights up indicating that the setting is 
correct and the hydraulic system is ready for 
operation. 
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Phase-Angle Measurements 


Using a Cathode-Ray Tube 


By F. A. BENSON, M.Eng., A.M.I.E.E. and A. O. CARTER, M.Eng., A.M.I.E.E. 


(The University of Sheffield) 


T cathode-ray tube is still widely used for 
determining the phase-angle between two 
quantities. One of the simplest methods of making 
the measurements is to produce two voltages pro- 
portional to the quantities and apply one voltage 
(maximum value V:) to the vertical deflector plates 
of the tube and the other voltage (maximum value 
V:) to the horizontal plates. These voltages will give 
deflexions on the screen of the tube Y = kV: and 
X = kV: where k: and k: are constants which depend 
on the sensitivity of the tube. Account must be 
taken of any distortion, etc., in producing the 
required voltages at the deflector plates. 


First Method 

If voltage V: leads voltage V: by an angle 4, an 
ellipse will result (provided the voltages are sinu- 
soidal) which is bounded by a rectangle with sides 
2X and 2Y (Fig. 1). Since this ellipse cuts the 











Fig. |. 
Voltage V, leading V, by an angle % 


horizontal axis at a distance X sin @ from the origin O, 
then sin ¢ = OC/OD and so © can be found from 
measured values of OC and OD. 

In practice, however, it is easier to measure the 
ratio of 20C/20D rather than OC/OD since then it 
is unnecessary to determine the position 0. In this 
case sin a = BC/ AD. 


Second Method 


An alternative method is to measure the major and 
minor axes of the ellipse, 2a and 2b respectively, 
together with 2X and 2Y. 


= 27 
Then, the area of the ellipse = “ab -f y dx 
8= 0 


(The University of Liverpool) 
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Measuring the axes of the ellipse 


where 
y = Ysin9 
« = X sin (9 + a) 


0 = 27 
*. Tab -fy sin 9. X cos (9 + a) d®9 = TXY sina 


80= 0 
Thus ¢@ can be calculated from the expression :— 
in a = 62a) (20) 
sin "(2X)(2¥) 


Little information appears to be available on the 
accuracies of the two methods and their limitations. 
An estimation of the magnitudes of the maximum 
errors likely to be produced by errors in measure- 
ments caused by trace thickness and any harmonics 
present is given below. 

Fig. 3. Ld 
Errors due to trace thickness (first method) 
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Trace Thickness Errors 


Expressions for Errors 


In making any measurements on the screen of the 
cathode-ray tube errors are introduced due to the 
thickness of the trace at either end of each dimension 
involved. 

Suppose, for example, it is required to measure 
the distances Pa and Pb in Fig. 2(a) and Fig. 2(b) 
which represent traces of thickness t crossing a line 
PQ at right-angles and acutely respectively. In 
Fig. 2(a) distance Pa can be estimated to within 
about 0.5 mm., since a trace thickness of 1 mm. is 
typical of ordinary oscillographs. In Fig. 2(b), how- 
ever, where bib: is greater than the trace thickness 
t, the error in measuring Pb is larger than 0.5 mm. 
in fact, the smaller the angle ¥ the larger the error. 

Assuming that an error of £0.5 mm. is introduced 
at either end of each dimension measured, expres- 
sions for the errors in phase angle can be written 
down. 

Thus, in the case where sin « = BC/AD the 
maximum and minimum values of 4, @max and min 
respectively are given by: 

in (a _ BC+1 and sin (@min) = _BC-1 
sin max AD-1 and sin min) = AD+1 
where BC and AD are expressed in mm. 
The curves of Fig. 3 show the variation of error 





with a. These have been calculated from the 
expression 
§ y 5 


for values of AD equal to 40 mm., 70 mm. and 
100 mm. which are suitable for screen diameters of 
about 24 in., 45 in. and 6 in. respectively. For the 


case where 
(2a) (2b) 








sin. @ =.- 


(2X)(2Y) 
the maximum and minimum values of ¢ are given by 
(2a +1)(2b+1) 
(2X —1)(2Y —1) 


Fig. 4. 
Errors due to trace nee (second method : 
= ¥) 
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_(2a—1)(2b-1) 

(2X +1)(2¥ +1) 

where all quantities on the right-hand sides of the 

equations are expressed in mm. ars. 
The curves of Figs. 4 and 5 show the variation 

of error with a. These have been calculated from 

the expression 


8a = tan a { +5a/a +8b/b +8Y/¥ +8X/X} 


first for the case where 2X = 2¥Y equals 40 mm., 
65 mm. and 100 mm. respectively, and then where 
2X = 2Y/2 equals 25 mm., 45 mm. and 60 mm. 
respectively. These figures have again been chosen 
to suit screen diameters of about 2} in., 43 in. and 
6 In. 


and sin (min) > 


Fig. 5. 
Errors due to trace thickness (second method : 
2X = 2Y/2) 
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Experimental Procedure 


Tests have been carried out to compare practical 
results with the above theoretical curves. A phase 
difference between two sine-wave voltages, maximum 
values Vi and V:, was produced by a_ simple 
resistance /capacitance circuit (Fig. 6). The phase 
difference was calculated accurately from the exact 
values of C, R and supply frequency f. 
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Fig. 6. 


Circuit used to provide two sine-wave out-of- 
phase voltages 


An ordinary commercial oscillograph with an 
overall screen diameter of 110 mm. (about 44 in.) 
was used throughout the tests. The elliptical trace 
was adjusted in each case to the figures already 
quoted for a 4} in. screen diameter. The magnitude 
of V: could be adjusted by varying the tapping point 
on the peels. niet T, and that of Vi by varying 
the slider on potentiometer RV. Readings of 20C, 
2X, 2Y, 2a and 2b were obtained for various values 
of @ between 0 and 90°. The observations were carried 
out by fourteen independent operators. 
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Results 


The phase-angles calculated from the readings 

obtained in the above tests by the formulae 

sin ¢ = ad and sin @ - 

=. ee (2X)(2Y) 
are shown by the scattered points in Figs. 3 and 4. 
It can be seen that, in both cases, there is a good 
distribution of points lying mainly inside the 
boundaries set by the theoretical curves. Thus a 
reading error of 0.5 mm. for a 1 mm. trace thickness 
appears to be a reasonable assumption. 


Other Limitations of the Trace 


Two obvious deductions can be made in order to 
obtain minimum errors. First, the elliptical trace 
should be adjusted always so that it is as large as 
the screen will allow. i+ bol for best results with the 
first method of making measurements it is highly 
desirable to compare two voltages of about the same 
magnitude, otherwise the ellipse lies with its major 
axis either too near the horizontal or too near the 
vertical. If the major axis is too near the horizontal 
it is impossible to obtain an accurate reading of 
BC (Fig. 1), while if it is too near the vertical the 
ratio 6(BC)/BC becomes large. 


Errors Produced by Harmonics in the Waveforms 


When harmonics are present in either of the waves, 
additional errors may be introduced. Some workers 
have stated that for small harmonic content the 
errors produced are negligible. In making such 
statements, however, no attempt is made to explain 
what is meant by the words “ small’ and 
‘* negligible.”’ In fact, the remarks must be treated 
with extreme caution, as shown by the following 
analysis. 

It is difficult to calculate the error for any given 
harmonic content, but for small magnitudes the 
maximum corresponding error can be found for 
measurements using either of the two methods. 


First Method 


Fig. 7(a) shows an ellipse with a third harmonic 
added to the Y deflexion. If, as is usual, the 
dimension BC is to be measured, the observed B’C’ 
is less than the required BC. Fig. 7(b) shows the 
ellipse with a second harmonic added, and here the 
two errors BB' and CC’ tend to cancel out. Reason- 


Fig. 7(a). 
Third harmonic added to Y axis 


Fig. 7(b) 
Second harmonic added to Y axis 
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ing in this manner it can be shown that errors pro- 
duced by even harmonics are smaller than those pro- 
duced by odd ones. 

















Fig. 8 
Ellipse with figures produced by 
any harmonic with a deviation 
+8Y in the Y axis 
Consider the required ellipse in Fig. 8. The 
envelopes of all possible figures produced by any 
harmonic of given magnitude +6Y in the Y axis 
are shown by the dotted ellipses, displaced by +6Y 
from the original ellipse. It can be seen that the 
maximum error in BC is 2CC: or 2CC:. 
Let the fundamentals of the two waves be: 
aw = X sin (9 + 2) 
y =Y sin 9 
Taking the Taylor’s Series expansion of «=f(y) 
then 
f(yot+ 8Y)=f(yo) + (8¥/1!)Df(yo) + ; 
[(SY)°/2!]Dif(yo)+ .-- + L(Y) /n! | D'f(y)+ ..- 
where D has the usual operational significance. 
At point C (Fig. 8) where yo=0 and 9=0, f(yo)=OC 
then 
f(yo + 8¥) —f(yo) = [8¥/1! ]Df(yo) + 
[(8¥)'/2!]D*f(y) + LEVY /3!Df(y)+ .- - 
=[8Y/1!][X cos «/ Y]— a 
[X/2!]sin o (8Y/Y)’+0.(5Y/Y)'+ ... 
gives 5(OC), i.e., CC: or CC: depending on the sign 





of 5Y. Now, 
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Fig. 9(a) Fig. 9(b) 


Second harmonic added to X 
axis 


























950 


pro- 
pro- 


The 
any 
axis 
ESV 

the 


f(y) 


sigh 








June, 1950 


: ; _ _4(0C) 
Also, day ~ Prat 8(OC) i.e., Say ~ Gitenss 
*, day = [1/X cos 2] [X cos o (8Y/ Y)— 
[X sin a/2!](8Y/¥)'+0. (8¥/¥)+...] 
Say = 8Y/¥—[tan «/2!](8Y/¥) 


With a harmonic on the X-axis instead of the 
Y-axis, similar considerations for odd and even 
harmonics apply, as can be seen from Figs. 9(a) and 
9(b) where a third and a second harmonic respec- 
tively have been added to the ellipse. Fig. 10 shows 




















Fig. 10 


Envelopes of harmonics + 5X on 
axis 


the envelopes of harmonics of magnitude +6X on the 
X-axis. 
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Fig. II. 
Errors due to waveform (first method) 
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Hence, the maximum errors Say are given by: 


far aed & 7 — San dD es Geemrrd 
L 4 2! Y ah cos 


Actual values will depend upon the phase and the 
harmonic number of the harmonic. 

The maximum errors ‘ax and Say have been 
calculated for various percentages of harmonic and 
are plotted on Fig. 11. 

With angles approaching 90° the errors become 
very large, but the curves should be treated with 
some reserve, since for any angle @° a positive error 
greater than (90—2)° is impossible. The curves have 
been plotted for harmonic contents of 2 per cent, 
5 per cent and 10 per cent on either axis. 


Second Method 
If, as is usual, measurements of 2a, 2b, 2X and 2Y¥ 
are made, then even harmonics will have a smaller 


effect than odd ones. 
At any point P on the required ellipse (Fig. 12) 

















Fig. 12. 
Harmonic variations + 5X and + 5Y 


the harmonics present in both voltages can produce 
additional deflexions +8X and +8Y, so that depend- 
ing on the phase of the harmonics, the trace point 
can lie anywhere within a rectangle LMNQ where 
PQ is equal to half the diagonal. 

This produces errors in 2a, 2b, 2X and 2Y, and 
therefore in the phase angle. 

The maximum error in a, Sa = 


+(8X cos ¢ + SY sin 4) 
where ¢ is the angle shown in Fig. 12. 
Similarly, the maximum error in b, 6b = 
+(8X sin ¢ + SY cos 4) 
The error in X is +8X 
and the error in Y is +4Y. 
Thus, since phase angle © is given by: 


oe 2a. s | b 
~~ C.F. 23 
Bt eine a +8b/b +8a/a +8Y¥/Y +8X/X 
Sin @ 
= +8X [cos ¢/a+sin ¢/b+1/X] 
+6Y [sin ¢/a+cos ¢/b+1/Y] 
ia 
When 8X = 0," *) 
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Fig. 13. 
Errors due to waveform (second method) 


+5Y [sin ¢/a+cos ¢/b+1/Y] = Ssy say. 
$(sin ¢) _ 

sin @ 

+8X [cos ¢/a+sin ¢/b+1/X] = Ssx say. 

From 4sy and 45sx the corresponding errors 4¢y 
and éax can be found. 

In performing the above calculations the quan- 
tities cos ¢, sin ¢, a and b must be known. The 
following procedure can be used for the determina- 
tion of these quantities :— 

Since a = X sin (9+4) 
and y=¥ sin ®, r'=a°+y'=X°* sin’ (0 +4)+Y° sin’ ® 
.*. the conditions for rmax = a or rmin = b are 

__X' sin 2¢ 

X* cos 20+ Y° 

For given values of X, Y and @ these values of 9 
can be found and, hence, the corresponding values 


When 6Y = 0, 


tan 29 = 
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Fig. 14. 
Errors due to waveform (second method) 


of a, y and r (say a’, y' and r’). 

Then cos ¢ = a2'/r' and sin ¢ = y'/7'. 

Curves of maximum error, based upon the pre- 
ceding calculations, are shown in Figs. 13 and 14. 
Again it is obvious that at an angle «°, a positive 
error of more than (90—2)° cannot exist, but all 
the negative errors are quite feasible. It is also 
possible to get measured values of (2a . 2b)/ (2X . 2Y) 
greater than 1, but such results must be discarded 
since sin @ is not greater than unity. Fig. 13 has 
been plotted for an ellipse with a ratio X:Y = 1, 
while Fig. 14 is for X:Y = 3. 

The authors are indebted to Final Year students 
in the Department of Electrical Engineering at the 
University of Liverpool for assistance in making 
observations. They also wish to express their 
thanks to Professor F. J. Teago, D.Sc., M.I.E.E., 
for experimental facilities afforded in the labora- 
tories of the above Department. 





A USEFUL TOOL 


By G. P. BURN 


N instrument which the author has found very 

valuable in electrical wiring and assembly work 
is a pair of Spencer-Wells forceps, which are normally 
used by surgeons for clamping arteries. These for- 
ceps have an overall length of about 5 in., and have 
the general construction of a pair of scissors. 

The blades comprise a pair of serrated clamps, 
and they are provided with a small rack, by 
means of which the forceps may be secured in the 
closed position. The cross-section of the first 4 in. 
of the instrument has maximum dimensions of 5/16 
by 1/4 in., which are far smaller than those of any 
form of pliers of the same length. 

Thus, it is possible to place a 4 B.A. nut between 
the blades and, holding the handles tightly between 
the thumb and finger of the left hand, to insert the 
nut deeply into the heart of the equipment under 
construction and then to screw the bolt into the 
nut, with a screwdriver in the right hand. It is 
possible to hold the nut tightly enough so that the 





SIT T 


“RA SROS COND on 


Spencer-Wells surgical forceps can be used as a versatile 
addition to the experimenter’s and constructor’s tool-kit 


(lIlustration by courtesy of Down Bros., 23 Park Hill Rise, Croydon) 


subsequent application of a spanner is unnecessary. 
The other main use of the forceps is to hold a piece 
of wire while it is being soldered. Sooner or later 
one’s finger always gets burnt on the iron, but if the 
wire is held between the blades, this will not happen. 
Also, when unsoldering a wire which is twisted round 
a tag, it is possible to take hold of the end of the 
wire while the solder is liquid, and to untwist it. 
These forceps may be obtained from any of the 
surgical instrument makers, costing about 12s. 6d. 
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Lectrona Loudspeakers 


= new range of 64 and 5-in. diameter 
speakers are of entirely new con- 
struction, and cones are now completely 
moulded with speech coil former. 

The magnetic system has a negligible 
external magnetic field, and incorporates 
the latest developments in magnetic 
alloys. The new element niobium is 
incorporated in the magnet, which is of 
the ring type to ensure uniformity 
throughout its cross-sectional area. 

The acoustic performance of the 
orthodox speaker has been retained, 
with a reduction in overall size approach- 
ing the wafer or disk type of speaker. 
The overall depth of the 6-in. speaker is 
only 2 in. for a total flux of 30,000 
maxwells and 1? in. for the 5-in. model. 

The vibrating system consists of a 
main diaphragm and voice coil moulded 
in one piece. The voice coil has a high 
frequency diaphragm directly coupled to 
it to ensure good high frequency 
response. The coil drive is coupled to 
the effective diaphragm at a point which 
eliminates marked resonances in the high 
frequencies. Bass resonance is con- 
trolled by means of a resistive element 
in conjunction with an acoustic capaci- 
tance, and is nominally 120 cycles for the 
63-in. model, 140 cycles for the 5-in. 
model. 

Acoustic Products Ltd., 
50-58, Britannia Walk, 
London, N.1. 


Teletape 
(Illustrated below) 


Ebi teletape is designed as a piece of 
business equipment to receive and 
store for short periods messages that 
can be later played back and typed. 

A person wishing to use the installation 
lifts his telephone and dials a pre- 
arranged number. Should all teletape 
channels be in use the engaged signal is 
heard, but if available, an announcement 
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Exhibition 


A Selection of New Equipment and Components 
shown at Grosvenor House, Park Lane, W.1, 


from I7th to 


is heard telling the user that he is 
connected to the teletape system. The 
duration of each message can be ten 
minutes, towards the end of which 
time a warning is given that only thirty 
seconds is available. 

When the telephone is replaced, the 
channel upon which the message has 
been recorded automatically indicates 
to the exchange that it is in use and 
lights the appropriate indicator lamp on 
both the remote take-off points. The 
operator wishing to deal with the channel 
presses the ‘‘listen’’ switch and the 
recorded message is then played back to 
the operator who either types or tele- 
prints it. The ‘‘listen’’ switch action 
also extinguishes the indicator lamp on 
the other take-off unit. 

Should any parts of the message be 
difficult to understand the foot switch 
can be depressed to make the recording 
reverse and replay the section. 


Associated Electronic Engineers Ltd., 
Dalston Gardens, 
Stanmore, Middx. 


** Douglas’? Progressive Wave 
Winder 


Tae ‘* Douglas ’’ Progressive Wave 
Winding Machine has been developed 
to meet the demand by coil manu- 
facturers for a machine which will pro- 
vide efficiently wound progressive wave- 
wound coils, giving the designer a very 
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great latitude in the spacing and sizes of 
coils which can be handled. 

Progressive wave-wound coils up to 
5 in. (127 mm.) in length and with a 
maximum diameter of 3 in. (76 mm.) 
can be handled. 

Conventional wave-wound coils for 
é in. (2 mm.) to I4 in. (38 mm.) wide 
and from 4 in. (3 mm.) to 3 in. (76 mm.) 
diameter can be handled. Only one coil 
can be wound at a time and in the case 
of the pie-wound coils provision is made 
for the winding of quadruple, triple, 
double, single, half, third or quarter 
wave coils. 

In the case of progressive wave-wound 
coils, gear changes are provided to 
enable a wide range of rates of pro- 
gression. This extends from 0.002 in. 
0.05 mm.) per turn to 0.0715 in. 
(1.82 mm.) per turn and for the greater 
part of this range gear changes are 
available to the nearest 0.0002 in. 
(0.005 mm.). 

The machine will handle wires from 
20 S.W.G. (0.036 in.—0.9 mm.) to 
46 S.W.G. (0.0024 in.—0.06 mm.) and 
also Litz wires with a cross-sectional area 
within the range given for the single 
strand wires. 


Automatic Coil Winder & Electrical Co., Ltd., 
Winder House, 
Douglas Street, 
London, S.W.1. 





Co-Axial Line Attenuator 
(Illustrated above) 
Bb. Co-axial Line Attenuator has been 
developed with insertion losses of 
6, 12, 18, 24 and 36 db. It is plugged into 


. the coaxial outlet box, type L624, made 


by this firm, which is generally used with 
the L600 coaxial feeder, but provision 
has been made to enable an unscreened 
balanced feeder to be loaded, when the 
same attenuator is applicable. 
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“‘Balon’”’ Balanced to Unbalanced 
Transformer 


Television receivers may be designed 
with balanced or unbalanced input, 
requiring twin or co-axial feeders. In 
practice, the type of feeder may not be 
significant, but in some cases the wrong 
feeder may cause receiver instability. 
If for any reason it is necessary to change 
the input conditions, the ‘‘ Balon”’ 
transformer can be applied to dispense 
with the necessity of rewiring from the 
aerial. There is an insertion loss of a 
few decibels but, except in the fringe 
areas this is not likely to be noticeable. 


Belling & Lee Ltd., 
Cambridge Arterial Road, 
Enfield, 

Middlesex. 


Power Rheostats 
(Illustrated centre) 
HE Power Rheostats are designed 
with a ratings range from 25 watts on 
the smallest size to 300 watts on the 
largest model, for various ohmic values 
trom | to 15,000 ohms. 
These units can be used to replace the 
larger sliding resistors and regulators, 
with consequent economy in panel space. 
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They are also suitable where rotary 
action is preferred. 

The main features of the rheostats are: 
moulded insulation between live parts 
and earth, tested at 2,000V—T25, 
3,000V—TS0 and T100; winding per- 
manently embedded in vitreous enamel 
when required; die-cast frame allows 
for maximum ventilation; the rheostats 
have three terminals or potentiometer 
connexions, and off position can be fitted 
at either end of the winding. 

The spindle is insulated from the 
electrical circuit to withstand a pressure 
test of 3,000V R.M.S. on models up to 
100 watts dissipation and 6,000V R.M.S. 
on the larger models. 


British Electrical Resistance Co., Ltd., 
Queensway, 

Ponders End, 

Middlesex. 





Cinch B7G Ceramic Valve Base 


(Illustrated top right) 


— valveholder, primarily intended 
for communication and government 
equipment, is suitable for tropical con- 
ditions, and can be either saddle mounted 
or with a lower shield, both types being 
available with or without radial screen 
between pins | and 7. The mounting 
has two holes for rivets or eyelets. 
Wiring connexions are soldering tags 
with elongated slots set slightly out 
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beyond the pin position. The contacts 
provide a good grip on the pin and are of 
hardened beryllium-copper alloy silver 
plated, with soldering tags hot tin dipped. 
The top can is attached by bayonet 
fitting to the types with lower shield. 
A centre screen is included in all types. 

The material used is low-loss ceramic 
with rustproofed steel saddle for the 
body. The lower shield is of plated 
brass in one piece with the saddle. The 
top can is of aluminium alloy with an 
internal spring to retain the valve. For 
communications equipment brass_ is 
available in black bronze finish or silver 


plated. Carr Fastener Co., Ltd., 
Stapleford, 
Nottingham. 


Cosmocord Components 
(lustrated below) 

|. Lapel Microphone 
Be small non-directional microphone 

has been designed to allow freedom of 
movement for public speakers or radio 
broadcasters. It is housed in a soft 
moulded rubber case, and hooks on to 
the lapel of a suit or coat. A 20 ft. cable 
is supplied with the microphone. The 
M.1.C. 28 has a level frequency response 
throughout the major part of the audible 
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frequency spectrum, and consequently 
gives great fidelity of reproduction. 
2 and 3. Wide-range Microphones 
These microphones are divided into 
two classes (1) general acoustic types 
with a frequency range of 10 c/s. to 
30 kc/s., and (2) ultrasonic, 100 c/s to 
200 kc/s. They are noteworthy for the 
small size of the microphone head, thus 
reducing diffraction errors to a minimum 
and enabling them to be used as 
wide-range exploring type microphones. 
The ultrasonic microphones are suit- 
able for use in either air or water and 
the frequency range given above is that 
for water. Because of the difference of 
wavelength of sound in air and water, 
the upper frequency limit of the ultra- 
sonic mict ophones in air is approximately 
25 to 30 kc/s. The major difference 
between the ultrasonic and the low- 
frequency microphone is in the source 
capacitance of the generating system. 
This capacitance must be considerably 
increased in the low-frequency micro- 
phones in order to keep the signal to 
noise ratio low at the very low fre- 
quencies. This latter requirement is not 
necessary with ultrasonic microphones 
and advantage can be taken of very small 
crystal elements with consequent 
increase in the high frequency range. 
4. ACOS Vibration Pick-up 
This device has been designed for 
industrial use to convert the motion of 
vibrating objects into electrical potentials 
which may be observed and studied by 
means of an oscilloscope or other 
indicator. Typical usages are the location 
of a source of noise in any reciprocating 
or rotating machine, the production 
testing of all kinds of bearings and 
motors, the measuring of vibration in 
buildings, bridges, etc., and other 
applications involving any body with 
vibratory motion. 
5. ACOS Vibro-Pick-up 
This is a contact pick-up of the inertia 
type, dimensionally small, designed for 
use with musical instruments, particu- 
larly of the stringed type, so that their 
sound can be electrically amplified. The 
output voltage ranges from 0.05 to 0.1 
of a volt and higher, and any amplifier 
having high impedance input will be 
found satisfactory for use with the VPI. 
The frequency response ranges from 
30 to 6,000 c/s. 
Cosmocord Ltd., 
700, Great Cambridge Road, 
Enfield, 
Middlesex. 
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Dubilier Diode Filter 
(Illustrated bottom left) 
HIS Dubilier multiple component 
unit (British Patent Application 
34197/47) provides a complete diode 
filter in a single compact form, only 
three connecting wires project—one 
input and one output—at opposite ends 
of the tube, with a centre wire for the 
earth connexion. 

The unit is constructed of a tubular 
ceramic dielectric element which 
furnishes the two capacitors and has the 
resistance element housed in the interior 
of the tube. 

To a special order, these diode filters 
can be supplied moulded into a hard 
resin casing which provides greater 
mechanical stability and furnishes full 
humidity protection over the tempera- 
ture range of —40° C. to +70° C. 

The normal filter CRCI is supplied 
with values of 100 pF each for Cl and C2 
and 47,000 2 for R, but other values are 
available. The dimensions over the wax 
coating being but {% in. long and 3 in. 
diameter. Normal working tempera- 
ture, 0° to + 50°C. 





Dubilier Miniature Metallized 
Paper Capacitors 
(Illustrated above) 

A NEW Dubilier development in 

miniaturization consists of a 
metallized paper capacitor unit of 
special construction enabling an ex- 
tremely compact and small size to be 
achieved. 

The capacitors are cylindrical in shape, 
with axially projecting tinned wire 
terminals. The capacitor elements are 
moulded in a special phenolic resin of 
high insulation, providing a rugged 
casing of great homogeneity. They have 
a very high insulation resistance, good 
capacitance stability, low effective 
inductance and are impervious to 
moisture. 

They can be operated over the 
exceptionally wide temperature range 
of —40° C. to +70° C. and are colour 
coded by the standard colour code 
bands, giving the capacitance in pico- 
farads. Possessing the familiar self- 
healing properties of metallized paper 
capacitors their excellent charac- 
teristics are maintained in the most 
arduous conditions of use. 

They are available in a range of 
capacitance values up to 0.003uF for a 
working voltage of 350V D.C. and in 
capacitances over 0.003..F up to 0.01 for 
150 volts D.C. working. 

Dubilier Condenser Co. (1925) Ltd., 
Duncan Works, Victoria Road, 
North Acton, London, W.3. 
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Diaphragm Piezo Microphone 
(Illustrated above) 

Tt Diaphragm Piezo Microphone is a 

new type with a Rochelle salt element 
of approximately 0.00IuF. The fre- 
quency response is uniform for this type 
of microphone, and the output, approxi- 
mately 51 db. below | volt per bar at 
1,000 c/s., is sufficient for a normal 
public-address amplifier to be adequate 
in most circumstances. A standard } in. 
coaxial plug and socket are provided, 
and if low capacitance coaxial cable is 
employed a very long lead can be used 
without loss of quality and with only 
slight fall in volume. For shorter runs 
standard single or twin-screen leads can 
be used. 

The mounting and screening are such 
that noise and interference are at a 
minimum, and the microphone is robust. 
There are two possible mounting 
positions for the unit on its stand. One 
is with the axis at 30° above horizontal, 
and the other is with axis vertical, giving 
omni-directional response. 

The Edison Swan Electric Co., Ltd., 
155, Charing Cross Road, 
London, W.C.2. 





Egen Pre-set Resistor 
(Illustrated above) 
HE latest Egen pre-set variable 
resistors are designed mainly to meet 
the needs of television designers. The 
features are: rotary control; midget 
construction, which permits six units to 
be mounted on a panel 34 in. square, 
with the knob controls at centres | in. 
apart in both directions; single hole 
fixing with ‘‘ pip ’’ location; panel or 
chassis mounting and ratchet action 
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satety measure which prevents damage 
by over-turning. 

The control knob is provided with 
both knurling and slotting for either 
thumb or screwdriver adjustment. The 
assembly is arranged so that all live points 
are adequately insulated to meet modern 
test practice. The worm-drive provides 
smooth control, which is unaffected by 
vibration. The open construction of the 
resistors allows free heat dissipation. 
The control knob is permanently pressed 
in place on the spindle, and need not 
therefore be removed when mounting. 

Egen Electric Lid., 
Craven Avenue, 
Canvey Island, Essex. 

















Faders and Attenuators 
(Illustrated above) 

HIS mew range of faders and 

attenuators incorporates anew design 
of brush and collector assembly making 
possible higher contact pressures and 
therefore low contact resistance, and 
yet having much lower torque figures 
than normal, and very smooth move- 
ment in operation. Typical figures are: 
total pressures, 550 grammes, torque, 
4 in./oz., total internal resistance of 
brush and collector assembly, 0.01 ohms. 

The brushes are afforded complete 
protection during service cleaning by 
moulded brush shrouds. They are 
*“*y ’’*shaped in formation, and double 
anchored, with multiple laminations to 
provide greater resilience with the 
absence of a radial whip. 


Plugs and Sockets 
(Illustrated below) 

A NEW range of plugs and sockets has 

been produced which have a com- 
pletely moulded body not employing 
any laminated materials, to ensure the 
highest possible insulation value under 
humidity conditions. 

Other important features are: joints 
between the cavities are sealed by 
neophrene gasket under compression; 
no drillings or rivets are made through 
the mouldings; the plugs and sockets 

















Flectronic Engineering 


are moulded on mounting lugs with a 
self-spanner cavity for fixing nuts; pro- 
vision is made for fitting non-rotating 
tapped inserts for chassis or panel 
mounting; the units have positive case 
fixing without screws; there is a cable 
entry which is of solidly fixed tubular 
type with flared mouth, and there is a 
non-slipping cable clamp that takes the 
cable strain. 
Electronic Components, 
Weedon Road Industrial Estate, 
Northampton. 





Thermostat, Type T22 

(Illustrated above) 
A NEW ‘“‘snap-action’’ thermostat, 
Type 122, has been designed for 
controlling the temperature of electric 
heating and other resistance circuits. 
The quick make and break is achieved by 
the use of a small bar magnet. The 
standard design has a temperature range 
of from 80° F. to 300° F., or 25° C. to 
150° C., with a differential of +-5° F., 
and a current carrying capacity of 2 amps. 
A.C. Designs differing from the 

standard one can be supplied. 
Electrothermal Engineering Ltd., 
270, Neville Road, London, E.7. 


A 


Erie “‘ Teledisc ’? Ceramicons 
(Illustrated above) 

HE Erie ‘‘ Teledisc ’’ Ceramicon is a 

ceramic dielectric capacitor on a disk 
3 in. diameter and » in. thick with a 
maximum capacitance of 10,000 pF in 
this size. Insulation is 3,800 Phenolic, 
and the maximum working voltage is 
400V. 


Carbon Track Potentiometer 
(Shown bottom right) 

NOTHER new development is the 
Erie I4 in. carbon track potentio- 
meter, which is fully sealed and 
tropicalized. The resistance ranges 
from 1,000 ohms to 5 megohms, with a 
tolerance of -+20 per cent. The 
potentiometers can be supplied with 
or without a double-pole single-throw 
switch (250V, | amp., or 125V, 3 amp.). 
Erie Resistor Ltd., 
Millora Works, Beevor Road, 
South Denes, Great Yarmouth. 
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New Osram Valves 

Nana range of miniature valves 

on the B7G base for battery operated 
A.C. and D.C./A.C. receivers, including 
a new triode hexode frequency changer 
on the Noval (B9A) base, for the 
D.C./A.C. range, were shown. In the 
battery range the XI7 is capable of 
operation at short wavelengths with a 
wide range of battery voltage; in the 
A.C. and D.C./A.C. ranges the triode 
hexodes X78 and XI09 respectively are 
outstanding in performance, particularly 
on the short wavebands. In the battery 
range again, microphony in the ZDI7 
has been kept at a minimum, and the 
complete range makes for lowest 
possible current consumption and high 
efficiency. 

In the A.C. and D.C./A.C. ranges two 
new high-slope output pentodes, types 
N78 and NI08 respectively, have all the 
characteristics of their octal pre- 
decessors without any loss in slope or 
reliability. 

These new Osram miniature valves for 
battery operation at 1.4 volts, A.C. 
operation at 6.3 volts, and D.C./A.C. 
operation at 0.1 amp., exhibit the 
characteristics comparable with any 
similar valves in this class to-day. 

The General Electric Co., Ltd., 
Magnet House, 

Kingsway 

London, .WC.2. 


P.M. Loudspeakers 

HE new Goodmans 12-in. loudspeakers 

are single cone heavy duty repro- 
ducers. The magnet assembly, using 
anisotropic material, provides a total 
flux of 158,000 maxwells on a 1? in. 
pole, the back centring device being a 
dustproof linen disk with concentric 
corrugations. 

These loudspeakers have a funda- 
mental resonance of 75 c/s., and a voice 
coil impedance of 15 ohms. The power 
rating is 15 watts peak A.C., and flux 
density 14,000 gauss. The magnetic 
field of these reproducers is completely 
shielded. 

Goodmans Industries Ltd., 
Lancelot Road, 
Wembley, Middx. 


Oscilloscope Stand 
Ts Widney oscilloscope stand has 
been designed to enable oscilloscope 
and other bench instruments to be 
easily tilted so as to bring the controls 
and screen into the most convenient 
operating position. 
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The handle can be attached to either 
end, so that the stand can be used to tilt 
upwards or downwards. (I/lustrated above) 


Widney-Dorlec Cabinet System 
b jew Widney-Dorlec cabinet system 

consists of a range of formed sections 
in aluminium alloy, corner diecastings 
and connecting brackets in various styles 
which enable a cabinet or rack of any 
size to be easily erected with very little 
skill or tools. The completed product 
is a rigid practical housing that lends 
itself to many finishes. 

Parts are available for two basic 
sizes—the Standard gauge in which the 
outside sections and corners have a 
radius of |; in. and the ‘* Small ’’ gauge 
having a radius of | # in. 

Hallam, Sleigh & Cheston Ltd., 
Widney Works, 

Bagot Street, 

Birmingham, 4. 


Midget Moldseal Metallized Paper 
Capacitor, Type W99 

EB sa Midget Mo'dseal Metallized Paper 

Capacitor, type W99, is a new 
miniature capacitor with a tough 
moulded casing, and is proof against 
humidity. It has a wide range of 
temperature operation and is partiuclarly 
suitable for use in light-weight, compact 
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equipment employing miniature valves, 
and for television apparatus. 

The standard capacitance tolerance is 
+20 per cent; temperature range is 
from —40° C. to +71° C., though 
higher temperature types are available; 
the insulation resistance is not less 
than 20,000 megohms and the inductance 
is not greater than a straight piece of 
wire the diameter and length of the 
wound unit. 

















Ranges 
j <~eeme ¢ 

| te X % ing 1) Xf in. 
150 volts D. c. 0. 004 uF to 0.02 uF to 

Wkg. 0.01 uF 0.04 uF 
350 ies D.C. , 0.001 uF to 0.004 uF to 

Wkg. 0.003 uF 0.01 uF 
600 wae pec.t 2 Hy - | 0.001 uF to 
kg. | 0.0005 uF | 0.0025 uF 
300 sok A.C. | 0.00005 ;:F to | 0.002 uF to 
Wkg. | 0.001 uF 0.0025 uF 

A. H. Hunt Ltd., 


Bendon Valley, 
Garratt Lane, 
Wandsworth, S.W.18. 


Blocking Oscillator Transformers 
WO types of blocking oscillator 
transformers are available, the 

KP7841, of the line type, and KP7842 of 
the frame type. They are both bobbin 
wound with adequate insulation between 
windings, and are wax impregnated. 

The primary inductance of KP784I 
is 0.SH and of KP7842 is 250H. The 
former has a ratio of 3 to I, and the 
latter one of 2.85 to I. 

Igranic Electric Co., Ltd 
Bedford. 


Pullin A.C. Dynamometer Testing 
Set 
B ites Pullin Type PD440 Test Set has 
been designed mainly for laboratory, 
test-room and college work, and com- 
bines the functions of a precision 
dynamometer ammeter, voltmeter and 
wattmeter. There are five ranges of 
A.C. volts, seven current ranges, includ- 
ing a 25 milliamp A.C. and D.C. range, 
and thirty ranges of power from 12.5 to 
12,500 watts. 

The iron-free dynamometer move- 
ment is used in this instrument. The 
weight of the moving parts has been 
kept to a minimum to ensure the 
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maximum torque-to-weight ratio, con- 
sistent with a robust assembly. 

Careful shielding of the movement 
ensures that the accuracy is not affected 
by extraneous magnetic fields. 

The bakelite panel of the testing set, 
fitted with the instrument terminals 
and range change switches, is totally 
enclosed by a hinged lid. The lid of the 
instrument can be removed, if desired, 
during use. 

Measuring Instruments (Pullin) Ltd., 
Electrin Works, 
Winchester Street, 
Acton, London, W.3. 


Morganite Type D.A. 
Potentiometers 
B pen: new midget potentiometers are 
suitable for all deaf-aids and midget 
applications, and can be supplied with or 
without a cam-operated single pole 
switch. The overall resistance values 
are between 10k and 3 megohms, +30 
per cent standard tolerance, available in 
both linear and logarithmic gradings. 
The end stop strength is over 30 oz./in. 
The switch is designed for battery 
operation up to 10 volts } amp. or 
150 volts, 25 mA, and the contact 
resistance is less than 0.5 ohms. The 
switch insulation is over 100 megohms 
at 100 volts. 
The potentiometers are sealed to be 
dustproof, and are sing'e nut mounted. 
Morganite Resistors Ltd., 
Bede Trading Estate, 
Jarrow, Co. Durham. 


Mullard Electronic Flash Tubes 
HE Mullard Electronic Flash Tubes 
shown (below) are representative of 
the range at present available. The 
latest addition is the LSD9, which is a 
photographic flash tube, suitable for 
studio or portable photoflash equip- 
ment. It is basically similar in con- 
struction to the LSD7, but has a quartz 
spiral and produces flashes in ultra-violet. 
It has a protective cage instead of a glass 
bulb, and increased rating to 1,000 jou'es 

as against 200 joules for the LSD7. 

Mullard Electronic Products Ltd., 
Century House, 
Shaftesbury Avenue, W.C.2. 





$O4 $oT L$D3 L$D2 L$so Lsos j 
(400, youre) (200 JOULE) (100 JOULE) (MICROFLASH) “(10,000 joute) COMPACT SOUACE). istaososcoric) (1,000 tous uv.) (1.000 JOULE) | 








248 


Multicore Solders 


FoR use by radio and_ electronic 

equipment manufacturers, Ersin Multi- 
core solder containing three cores of 
non-corrosive Ersin flux, is now supplied 
in six standard tin-lead alloys from 20 per 
cent to 60 per cent tin content in nine 
gauges, two flux percentages and three 
types of Ersin flux. Three methods of 
packing—7 Ib. reels, | Ib. reels and | Ib. 
cartons—are available to suit factory 
requirements. 

Extra activity of the N-type Ersin flux 
enables the bulk of Ersin Multicore 
solder to be now supplied with only a 
2.2 per cent flux content, which is 

’ claimed to be a considerably lower flux 
percentage than other cored solders. 


Multicore Solders Ltd., 
Mellier House, 
Albemarle Street, 
London, W.1. 


Tantalum 

ANTALUM, a metal which has been 

previously manufactured by Siemens 

Halske in Germany and the Fansteel 
Metallurgical Corporation of Chicago, 
is now made in this country by Murex 
Ltd. 

Tantalum resists the attack of most 
chemicals, and even mineral acids such 
as hydrochloric and nitric acids and their 
compounds have no effect. It is a readily 
workable metal, and can be welded 
satisfactorily, not only to itself, but to 
other metals such as nickel, tungsten 
and molybdenum. 

The properties of tantalum make it 
suitable for the construction of chemical 
plant, and especially for equipment 
involving heat transfer. 

Its main uses are for surgical purposes, 
as it is non-irritating to living tissues. 
Tantalum is also important in the pro- 
duction of high vacuum valves because 
of its strength, non-volatility at high 
temperatures, and ability to absorb 
gases when heated. 

Murex Ltd., 
Rainham, Essex. 


‘* Neptune”’ Hermetically Sealed 
Transformers and Chokes 
HE *‘ Neptune ”’ range of hermetically 
sealed transformers and chokes are 
small and light, and if compared with the 
standard shell-core types, they offer up 
to 30 per cent saving in volume and 
weight. By using a high efficiency core 
and steel container, the external mag- 
netic field is greatly reduced. Further 
magnetic screening may be obtained on 
Models 6000/31 to 6000/35 by the use 
of high permeability nickel-steel con- 
tainers. All components, excepting two, 
in this range are provided with fixing 
bushes at the top and bottom to allow 
for inverted mounting, and are supplied 
with one set of slotted hexagon-headed 
steel fixing bolts and lock washers. 
Parmeko Ltd., 
Percy Road, 
Aylestone Park, 
Leicester. 
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**C”’ Type Core Transformers 


ARTRIDGE Transformers Limited are 

manufacturing transformers employ- 
ing the new type of transformer core 
made from cold rolled grain orientated 
steel. The construction takes advantage 
of the superior properties of the 
material in the direction of rolling pro- 
vided that the magnetic flux is caused to 
flow in this direction. 

The cores are wound on a mandrel 
from continuous strip, securely bonded 
into a solid and finally cut into two solid 
C-shaped pieces. The faces of these 
pieces are accurately ground to give a 
minimum air gap which is as low as 
0.00075 in. per gap. 

The strip used for these cores is made 
at the present time in three standard 
thicknesses—O.013  in., 0.005 in. and 
0.002 in. The first of these is used for 
applications where the frequency is 
less than 200 c/s., the second for use in 
the range of 200 c/s. to 2,000 c/s. and 
the last-named where extremely high 
rates of change of flux are required, as 
in pulse transformers. 

The low magnetizing VA and low core 
loss of this new core material mean that 
considerable improvement can be 
effected in the design of small mains 
transformers and especially so in vibrator 
transformers where battery current is 
an important consideration. The high 
flux density which can be utilived also 
greatly increases the output available 
from a given size. 

The greater effective permeability and 
greater flux swing promise good per- 
formance characteristics for audio trans- 
formers, especially wide band output 
types. 

Smoothing chokes also are improved, 
being smaller in size and having less 
volts drop. 

Partridge Transformers Ltd., 
Tolworth, 
Surrey. 
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Television Components 

HE Plessey Company exhibited a wide 

range of television components, 
recently introduced, embracing deflector 
coil assemblies, scan output trans- 
formers and focusing units (shown below) 
as well as control resistances, loud- 
speakers, R.F., I.F. and filter coils and 
chokes and transformers. 





Also shown was the recently 
announced television grade of *‘ Cas!am’’ 
moulded core material; low losses at 
the higher audio and ultrasonic fre- 
quencies, and freedom from objection- 
able noise producing magneto-striction 
effects make this material eminently 
suitable for use in television applications. 





Produced in block form, it is simple to 
assemble, reducing damage to delicate 
windings of the type necessary in 
scanning components. 

The company also exhibited examples 
from the range of basic shapes of cores 
manufactured from ‘‘ Caslite ’’ iron dust 
core material. This material is now being 
produced in six grades suitable for use in 
a range of frequencies varying from 
normal broadcast to ultrasonic, each 
grade possessing individual character- 
istics which render it particularly 
suitable for use in a specific application. 

The Plessey Co., Ltd., 
Ilford, Essex. 


Multiway Cables 

A MULTIWAY cable carrying power 

and water has been developed in 
conjunction with E.M.1. for use with their 
Model EHIOA | kW induction generator, 
for the purpose of outgassing thermionic 
valves; but since its inception, there 
have been found several other applica- 
tions to which it could be applied. Its 
main object is the transference of 
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current from the high frequency 
generator to the work circuit without 
the necessity for a separate matching 
unit and water supply which would be 
required if standard co-axial cables were 
used. The cable is suitable for use 
wherever the work circuit load does not 
exceed 60 kVA, and is so designed that 
its insertion loss does not exceed I5 per 
cent when this rating is applied. This 
cable is made up with 34 separately 
insulated conductors, laid up round two 
water-carrying tubes into a cable of 
circular cross-section, and T.R.S. 
sheathed overall. 


The Reliance Electrical Wire Co., Ltd., 
Staffa Road, 

Leyton, 

London, E.10. 


R. and A. Series 900 Loudspeakers 
THe R. and A. Series 900 Reproducer 

embodies the standard R. and A. 
principle of machined cylindrical surfaces, 
as seen in Series 700 and 800. The inside 
diameter of the magnet pot, outer and 
inner poles are machined to the same 
close tolerances as well as the centring 
member and magnet assemblies. The 
construction principle ensures that 
inner and outer pole pieces are accurately 
centred on the box of the pot, giving 
exact and permanent alignment and 
uniformity of gap. The pot in turn is 
located on the external diameter of the 
outer pole, which is machined to the 
same close limit, and to which the cone 
and speech coil assembly is also jig 
assembled. 

The Series 900 can be defined as 
having the simplified cone, voice coil 
and centring member construction of 
the Series 800, but with substantially 
great gap energy. 

The four models in the new series 
cover the range from 63 in. to 12 in. 
in diameter. They can be supplied both 
with or without transformers; flux 
densities of 10,000 and 12,000 Gauss 
available; fully tropical specification. 


Reproducers & Amplifiers Ltd., 
Frederick Street, 
Wolverhampton. 


Selenium Rectifier Type Photo- 
Electric Cells 


(Illustrated centre) 


HESE selenium photocells_ = are 

extremely stable when exposed con- 
tinuously to light, and tests have shown 
that after 300 hours’ exposure to an 
illumination of 50 foot-candles, with an 
external load resistance of 100 ohms, the 
output does not fall by more than 
2 or 3 per cent. 


Electronic Engineering 


In most practical work the angle of 
incidence is rarely greater than 50° 
from normal, and over this range the 
G.E.C. cells give true cosine response 
within 2 per cent and at 65° from normal 
the departure averages only about 5 per 
cent. 

The sensitivity to light is practically 
independent of temperature over the 
normal range of ambient temperature, 
the temperature coefficient being less 
than 0.5 per cent per degree Centigrade, 
and therefore negligible in most applica- 
tions. With load resistance of the 
order of 100 ohms and less, the current 
output is closely proportional to the 
incident light. 

The spectral sensitivity is very similar 
to that of the average eye. The illumina- 
tion from tungsten filament lamps at all 
operating colour temperatures can there- 
fore be measured to commercial accuracy 
without making correction for the 
effect of the colour temperature of the 
light. 

Salford Electrical Instruments Ltd., 
Peel Works, 

Silk Street, 

Salford, 3. 





Headmaster Interchangeable 
Pick-up Heads 


Bove Goldring Headmaster is a pick-up 
designed with three interchangeable 
heads. It takes no longer to change the 
heads than to change the needle on a 
conventional pick-up, and the Goldring 
colour !code system tells at a glance 
which head plays which record. 

Fitted with the standard 0.0025 in. 
head, the Headmaster gives high quality 
reproduction of the latest wide-range 
recordings. Some recent recordings 
are prone to distortion in the inner 
grooves, and a wide range head of 
0.002 in. stylus can be fitted to play 
them. For records made prior to 1946, 
or of U.S. origin, the 0.0035 in. stylus 
should be used. 

The frequency range is well balanced 
to cover the entire audible range, and 
the record wear is low as the pick-up 
will track at all frequencies with less 
than 20 grammes, combined with high 
stylus compliance and low inertia. The 
output is 40 millivolts at 1,000 c/s. 
The pick-up is of the moving iron type, 
which is the most robust type of con- 
struction available for lightweight 
pick-ups. 
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It is an easy matter to change a head; 
a small thumbscrew locks the head 
firmly on to the arm. Slacken this a 
couple of turns and the head can be 
unplugged from the arm. The semi- 
resilient pins make good electrical 
contact in the sockets, and at the same 
time the downward pressure of the 
thumbscrew gives added security. There 
is no danger of noise developing in the 


contact’ system. 
Erwin Scharf Ltd., 
49-51, De Beauvoir Road, 
Kingsland Road, 
London, N.1 


Sentercel Rectifier, Type RM4 
(Illustrated below) 


B ser range of miniature SenTerCel 
selenium metal rectifiers which was 
developed for use in A.C.-D.C. radio 
receivers has now been extended by the 
introduction of a _ larger rectifier 
specifically for use in television re- 
ceivers. This rectifier, which is known 
as Type RM4 , is made with square 
aluminium high voltage plates and has 
these ratings :— 
Ratings : 
Maximum ambient air temperature: 
40° C. 
Maximum output current: 250mA. 
Maximum RMS input voltage: 250 
volts. 
Maximum peak inverse voltage: 700 
volts. 
Maximum instantaneous peak current: 
Unlimited. 
Typical Operating Conditions : 
Reservoir capacitor: 60uF. 
Input: 250 volts, 625 mA R.M.S. 
Output: 290 volts, 250 mA mean D.C. 
Dimensions : 
Width: 1.375 in. 
Height: 1.875 in. 
Length: 4.75 in. (fixing centres). 
Overall length: 5.50 in. 


Samples can be supplied for develop- 
ment and prototype work immediately, 
and deliveries in quantity by September. 

Standard Telephones & Cables, Ltd., 
(Rectifier Division), 

Warwick Road, 

Boreham Wood, Herts, 





Helical Membrane Cable 
THE Helical Membrane Cable was 


developed primarily for radio- 
frequency applications to provide a 
highly efficient construction which would 
not have the same frequency limitations 
as disk-spaced cables. The insulation 
comprises of a thin polythene tape 
lapped edge-on around the inner con- 
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ductor. A practical method of achieving 
this basic form of the insulation has been 
sought unsuccessfully for many years 
but Telcon have succeeded in over- 
coming the difficulties involved. In the 
practical form which has been realized, 
the effective permittivity is as low as 
that of any commercial form of disk- 
spaced cable, and preliminary tests 
indicate that an extremely high degree 
of uniformity has been achieved. In 
combination with an aluminium sheath 
as an outer conductor and as a water- 
tight covering, it has electrical charac- 
teristics closely approaching the 
optimum and yet is mechanically robust 
and reliable. 
Telegraph Construction and 
Maintenance Co., Ltd., 
22, Old Broad Street, 
London, E.C.2. 


High Stability Carbon Resistors 
ELWYN high stability carbon 
resistors have been developed for 

use at very high frequencies, with a wide 
range of applications. 

The advantages of this range of 
components are that: cracked carbon 
is a most suitable material on account 
of its high specific resistance and its use 
in very thin films; the ‘‘skin’’ effect 
is minimized when the conductor com- 
coe a thin film of high resistivity; the 

igh specific resistance of cracked carbon 
enables resistors to be fabricated in very 
simple shapes designed to reduce the 
reactance; very small components can 
be manufactured, thus keeping the 
reactance to the absolute minimum, and 
low-loss ceramics are used as the base 
for the application of the cracked carbon 
film. 

There are four types of components 
available: rod, disk, rod for use with 
disks, and load resistors. The rod 
resistors are similar to the Welwyn 


British 
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SA range of high stability carbon 
resistors and: have the same properties 
in respect of electrical performance and 
stability. The disk type is designed for 
insertion in coaxial lines, either as the 
shunt elements in 7% or T attenuators, 
or as terminating resistances. The rod 
resistors are designed to work with the 
disk type to form the series elements 
in coaxial attenuators. The last-named— 
the load resistors—are a range developed 
for large power dissipation in H.F. use. 
Welwyn Electrical Laboratories Ltd., 
Bedlington Station, 
Northumberland. 


Westalite Rectifiers 


bp new range of high voltage metal 
rectifiers has been developed to meet 
the demand for a small, compact metal 
rectifier to provide E.H.T. where 
current demand is not more than | mA 
D.C. It is possible to obtain D.C. output 
voltages as high as 8,400 (with sine wave 
input), or 15,700 volts (with pulse 
input), from a single rectifier unit. 

The rectifiers incorporate high voltage 
‘*Westalite ’’ rectifier elements which 
can withstand a very high reverse 
voltage. 

Type 36 E.H.T. are tubular in con- 
struction; the outside diameter is 
qs in. throughout the range. In order to 
reduce the size and weight to the 
minimum, tag connexions are provided 
at the ends. For the majority of tele- 
vision applications, the shorter units are 
used, and these may be soldered directly 
to tag boards or the other components, 
the rectifier connecting tags alone pro- 
viding sufficient support. An alternative 
construction type 36K is available in the 
range, and this type is hermetically 
sealed by neoprene gaskets against 
damp. 

The rectifiers are particularly recom- 
mended for E.H.T. half-wave rectification 
from sine wave input, or for voltage 
multiplication E.H.T. supply from a sine 
wave or pulse input. 

Westinghouse Brake & Signal Co., Ltd., 
82, York Way, 

King’s Cross, 

London, N.1. 


Television 
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Heavy Duty Vibrators 
(Illustrated above) 
THe Wimbledon Heavy Duty Vibrator 
is designed to convert D.C. electrical 
supply of voltages up to 250 volts into 
A.C 


The vibrator is housed in a specially 
constructed metal case, and is designed 
to plug into a socket holder assembled 
into the apparatus in which it is used. 
The outer metal case serves as a static 
screen for the internal mechanism. The 
vibrator unit is totally enclosed to be 
free from external mechanical vibrators. 

There are two types of vibrator—the 
non-synchronous and the synchronous, 
of which the latter is the more popular 
version, and can be obtained, if required, 
with a split-reed which isolates the out- 
put from the input. Models are available 
for voltages of 2, 4, 6, 12, 24, 110 and 
220, with corresponding watts ratings 
of 10, 25, 50, 75, 110, 275 and 440. 

Wimbledon Engineering Co., Ltd., 
Garth Road, Lower Morden, 
Surrey. 


Export 





The first dollar-earning television contract for 
Britain has been gained by Marconi’s Wireless Tele- 
graph Co. Ltd. This contract (placed by the 
Canadian Broadcasting Corporation through the 
Canadian Marconi Company) calls for the equipping 
in both Toronto and Montreal, of two studios and 
control rooms, a master control room, and a Film- 
Projector room. 

Each city will have a large and small studio. In 
the large studios will be three complete Marconi 
Image Orthicon camera chains and, in each studio 
control room, all the Vision Mixing, Distribution 
Amplification, Power Supply, Intercommunication, 
Producers’ and Engineers’ control equipment, en- 


gineered in the latest style Consoles and Cabinets. 
The small studios are similarly equipped but will 
only have two Marconi camera chains each. 

The Master Control rooms will contain studio 
picture monitors, waveform monitors, and Master 
Control switching equipment, while the Film and 
Projector equipment will enable the two stations to 
televise 16 mm. films, slides, and film strips. The 
film projectors can be remotely controlled from any 
of the Control positions. 

Thus in both cities the television producers will 
have five Marconi cameras at their disposal and they 
will be able to provide a varied series of programmes 
for Canadian viewers. 





950 


tor 
ical 
nto 


lly 
1ed 
led 
ed. 
atic 
The 


rs. 
the 
US, 
ilar 
‘ed, 
yut- 
ible 
and 
ngs 


td., 
den, 


nets. 
will 


tudio 
aster 
and 
ns to 
The 
. any 


will 
they 
nmes 





June, 1950 


NOTES 


New D.S.I.R. Advisory Council 
Chairman 


The Lord President of the Council 
has appointed Professor Sir Ian 
Heilbron, D.S.O., F.R.S., to be 
Chairman of the Advisory Council 
for Scientific and Industrial Re- 
search in the place of Sir Geoffrey 
Heyworth, who resigned owing to 
pressure of other public duties. 

The Advisory Council for Scienti- 
fic and Industrial Research is com- 
posed of persons eminent in in- 
dustry and science. Its task is to 
advise the Lord President of the 
Council on the policy and activities 
of the D.S.I.R 

Sir Ian Heilbron is now Director 
of Research of the Brewing Industry 
Research Foundation near Redhill, 
Surrey. 


Mullard Overseas Limited 


The large and continuing expan- 
sion of the Mullard Company’s 
business in all parts of the world 
has rendered it necessary to segre- 
gate its export activities from its 
home trade. 

To achieve this, a new private 
company entitled ‘‘Mullard Over- 
seas Limited’’ has_ been _incor- 
porated, with a nominal capital of 
£250,000. This company will co- 
ordinate the export trade of the 
Mullard Company from the United 
Kingdom. 


Cambridge Summer School in 
Electron Microscopy, 1950 


By the courtesy of Professor Sir 
Lawrence Bragg, O.B.E., F.R.S., a 
Summer School in Electron Micro- 
scopy will be held again this year 
in the Cavendish Laboratory. 

The School will provide a ground- 
ing in the theory and applications of 
the electron microscope. It is in- 
tended for those who are already, 
or in the near future will be, operat- 
ing it in physical, chemical or biolo- 
gical laboratories. The lectures will 
deal with the fundamental theory 
and operating principles of the elec- 
tron microscope. The various tech- 
niques of specimen preparation’ will 
be demonstrated, and practised in 
small groups by the class. The 
three leading models of instruments 
will be used, and discussions held on 
their special characteristics. 

The School will be held from 
July 18-29 inclusive. A detailed 
syllabus and form of application for 
admission may be obtained from 
G. Hickson, M.A., Secretary of 
the Board of Extra-Mural Studies, 
Stuart House, Cambridge, to whom 
the completed application form 
should be returned not later than 
June 5, 1950. 
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FROM THE INDUSTRY 


New Television Demonstration Film 


Since the television service re- 
opened after the war in June 1946, 
Test Card ‘‘C’’ has been transmitted 
each weekday from 10.00 to 11.00 
and the Demonstration Film has 
followed from 11.00 to 12.00 except 
latterly on Saturdays, when a com- 
posite newsreel has been substi- 
tuted. 

The change will involve  con- 
tinuous transmission, between the 
hours of 10.00 and 12.00, of the 
Demonstration Film and Test Card 
*“C,” alternating at approximately 
fifteen-minute intervals. 

The Demonstration Film _ itself 
has been completely re-made accord- 
ingly. It will always carry the cur- 
rent edition of the Television News- 
reel as well as the previous Sunday’s 
edition of the Children’s Newsreel. 


Further Belgian Order 
for Communications Equipment 


A further order for communica- 
tons equipment from the Belgian 
Government is announced by E. K. 
Cole, Ltd. This is in addition to 
a large order placed with the firm 
last November, and brings the total 
value of business with this hard 
currency area up to over £80,000 to 
the last six months. 


Thin Copper Foil 


As a preliminary to commencing 
production on a new plant, it is 
announced by the Royal Mint 
Refinery, of 19 Royal Mint Street, 
London, E.1, that limited supplies 
of very thin copper foil are avail- 
able from a pilot plant. This foil 
extends the range of commercially 
available copper down to 0.00012 in. 
in thickness. 

At present the foil is supplied in 
sheets 30 in. by 5 in., but eventually 
it is expected that lengths of several 
hundred feet will be available in 
widths of 74 in, (18.5 cm.). 

The foil is of hard temper and is 
easily handled in spite of its thin- 
ness. Its electrical conductivity is 
95 per cent I.A.C.S. minimum and 
its chemical composition conforms 
to electrolytic copper standard. It 
is supplied with one side polished 
and may, if necessary, have one or 
both si es plated with gold, silver, 
nickel, zinc, cadmium or tin. 

If required, light-tested material, 
free from pinholes, can be made 
available in certain cases. 

It is expected that the advent of 
this material will open up new 
possibilities in many industries, par- 
ticularly those dealing with the 
manufacture of printed circuits and 
electrical capacitors. 


Publications Received 


Machining Bakelite Laminated. 

This booklet describes the machin- 
ing of this particular type of bake- 
lite, and is obtainable from Bakelite, 
Ltd., 18 Grosvenor Gardens, Lon- 
don, S.W.1 


Nickel Alloy Spring Materials. 

A new publication describing the 
use of high nickel alloys as springs, 
operating under unusual and exact- 
ing service conditions, issued by 
Henry Wiggin & Co., Ltd., Wiggin 
Bidet, Birmingham 16. 


Telcon House Magazine. 

This publication is of ‘interest to 
all those in the Telcon organisation, 
and it also contains a_ technical 
article on H.F. cables. The Telegraph 
Construction and Maintenance Co., 
Lid., Telcon Works, Greenwich, 
London, S.E.10. 


B.B.C. Television Service. 

This booklet is a technical descrip- 
tion of television engineering 
carried out by the B.B.C. It costs 
2s., and can be obtained from the 
B.B.C., Broadcasting House, Port- 
land Place, W.1. 


Carbon Steels. 

This is a reprint of an article from 
Tron and Steel, November, 1949, and 
explains new atmosphere for de- 
carburization-free treatment. The 
article was written by F. F. 
Hancock, B.A., who is a member of 
Birlec, Ltd., Tyburn Road, Erding- 
ton, Birmingham 24, from where 
copies can be obtained. 


G.E.C. Television Season 1949-1950. 

This catalogue gives the designs 
and particulars of the sets available 
from the G.E.C., Magnet House, 
Kingsway, W.C.2. 


Eclipse Permanent Magnets. 

This is a collection of pamphlets 
concerning permanent magnets, con- 
taining technical information _ for 
users in the electrical and allied 
industries. James Neill and Co. 
(Sheffield), Ltd., Composite Steel 
Works, Napier Street, Sheffield 11. 


Aluminium Wire and Cable. 

This brochure’ describes the 
Aluminium Wire and Cable Co., 
Ltd.’s activities. Copies are avail- 
able on request to The Aluminium 
Wire and Cable Co., Ltd., 10 
Buckingham Place, S.W.1. 


“Inconel and Monel and K Monel. 


Two new publications on inconel 
and monel and K monel, their appli- 
cations and properties. Issued by 
Henry Wiggin and Co., Ltd., Wiggin 
Street, Birmingham 16. 
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—— THE MODERN BOOK CO. — 


A HOME-BUILT F.M. RECEIVER, by 
K. R. Sturley. 4s. 6d. Postage 3d. 

THRESHHOLD SIGNALS, by J. 
Lawson and G. Uhlenbeck. 42s. 6d. 
Postage 9d. 

THE RADIO AMATEUR’S HAND- 
BOOK, 1950 Edition, by A. R. R. L. 
20s. Postage 9d. 

ELECTRONIC VALVES, Book Ill. 
Dataand Circuits. 12s. 6d. Postage 9d. 

SHORT-WAVE RADIO and the 
1ONOSPHERE, by T. W. Bennington. 














10s. 6d. Postage 6d. 

THE A.R.R.L. ANTENNA BOOK. 
10s. 6d. Postage 6d. 

RADIO INSTRUMENTS AND 


THEIR CONSTRUCTION, by D. 
Allenden. 2s. 6d. Postage 2d. 

THE CATHODE-RAY OSCILLO- 
GRAPH IN INDUSTRY, by W. 
Wilson. 18s._ Postage 2d. 

THE WILLIAMSON AMPLIFIER. 
Articles reprinted from Wireless World. 
3s. 6d. Postage 2d. 

RADIO VALVE DATA, compiled by 
Wireless World. 3s. 6d. Postage 3d. 
TELEVISION EXPLAINED, by W. E. 

Miller. 5s._Postage 4d__ 

RADIO RECEIVER DESIGN, Vols. | 
and 2, by K. R. Sturley. 28s. each. 
Postage 9d. 

TELEVISION SERVICING 
MANUAL, by E. N. Bradley. 4s. 6d. 
Postage 3d. 


We have the finest selection of British 
and American radio books. Complete 
lists on application. 


(Dept. E.6) 19-23, Praed Street, 
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Just Published 


Antenna Theory 
and Design 


(2 Vols.) 


By H. Paul Williams, 
Ph.D., A.M.LE.E. Sen.M.LR.E. 























This important two-volume work 
gives a complete account of the 
theoretical basis of antenna design 
followed by comprehensive guid- 
ance on the practical aspects of 
this work. Both volumes are 
profusely illustrated. 


Vol.I. Foundations of Antenna 
Theory 142 pages. 21/- net. 


Vol. I. The Electrical Design 
of Antennze 522 pages. 63/- net. 


Pitman 
Parker St., Kingsway, London, W.C.2 
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Radio Engineering—Vol. Il. 


By E. K. Sandeman. 579 pages. Chap- 
man and Hall. 1949. Price 40s. 


HOULD a text book be judged 

solely on the usefulness of the 
facts it presents or should the 
presentation also be a matter of 
concern to the author? The reviewer 
holds that presentation is just as 
important as the facts themselves, 
and the author leaves much to be 
desired in his presentation of useful 
material. A drastic editorial purge 
is required if the author’s contribu- 
tion to radio engineering is to be as 
effective as he would wish. An 
excellent illustration of the need for 
compression and clarification is pro- 
vided by paragraph 4, page 126. 
Few will doubt the wisdom of 
Gower’s strictures on clichés in 
‘* Plain Words,’”’ and the constant 
repetition of ‘‘in the case of” 
throughout the first 100 pages will 
prove most irritating to the reader, 
especially when it is sometimes 
difficult to know whether an actual 
box (paragraph 3.7.2. page 24) is 
meant. 

There are nine chapters, as many 
appendices, a bibliography of over 
70 pages, and an index, which is 
almost a repeat of that at the end of 
Volume 1. The level of treatment 
varies widely from chapter to 
chapter; the first four, and chapter 
22, appear to be aimed mainly at 
the operator, whereas the others 
cater more for the engineer. 

The first chapter (17) is a short 
one on balanced and unbalanced cir- 
cuits, Fig. 1. XVII. 5f is in error 
and the text to Fig. 4. XVII: 9 
seems to suggest unbalance as a 
cause of feedback rather than stray 
capacitance (the real cause). A 
general discussion on interference 
and noise, with hints and tips on 
how to reduce its effectiveness, form 
the subject of the next chapter. It 
is unfortunate that the only refer- 
ence (on page 41) to the 70 page 
bibliography in the text should be a 
misprint. The author deals in a 
descriptive manner with radio 
receivers for the next 50 pages, 
starting with. the simple T.R.F. 
detector and ending with the super- 
heterodyne. In paragraph 17 (page 
93) the following statement is puzz- 
ling. ‘‘If one sideband uses the 
same voltage excursion that was 
previously utilised by one, the side- 
band power is doubled.” The 
R.M.A. receiver tests are described 
and notes are given on fault finding. 
Chapter 20 is concerned with 
measuring instruments and in par- 
ticular the diode voltmeter, on 
which the author has had consider- 
able practical experience. The ohm- 
meter, megger, and various other 
types of bridges, including R.F., are 
briefly surveyed. Next follows a 
description of measurements of 
frequency, phase and modulation 
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percentage by the cathode ray 
oscilloscope. The chapter ends with 
short discussions on the harmonic 
analyser, distortion factor and meter 
and peak programme meter. 

With equalizer design (chapter 21) 
the author opens his_ sections at 
engineering level. The thirteen 
generalized loss and phase shift 
curves, which are given, cover most 
of the equalizer networks in general 
use. 

In the next short chapter on 
Level Range Compression B.B.C. 
practice is desc ribed. It is never 
easy to take one’s own specialized 
technical writings and with minor 
alterations to fit them into a text- 
book; Chapter 23 suffers from this 
disability and from the use of non- 
standard terms for voltage and 
current feedback. A student fresh 
to the subject will find himself in 
deep waters because in the funda- 
mental analysis too many factors 
are considered at a given time. A 
more gradual approach would have 
been wiser. It is surprising that 
neither in the section on instability 
nor in the bibliography does there 
occur mention of Bode’s ‘*‘ Network 
Analysis and Feedback Amplifier 
Design.’’ The Cathode Follower and 
Miller effect are used as practical 
illustrations of feedback. 

Chapter 24 deals with network 
analysis and synthesis by a method 
which avoids the use of hyperbolic 
functions. It does not appear to be 
any simpler than the classical 
approach and it will have some 
disadvantages when a student meets 
the latter. The same may be said 
of the development of matrices in 
which a positive direction for I. of 
a fourpole network is taken opposite 
to that employed by Guillemin. A 
number of tables and examples pro- 
vide a very useful illustration of the 
application of matrix algebra to net- 
work problems. There are misprints 
on page 269 (see expression for V2) 
and on page 277 in referring to Fig. 
1. XXIV. 3. d and e. 

In Chapter 25 on filters, the author 
confines himself to presenting easy 
methods of design and estimates of 
performance; he wisely borrows 
Shea’s method of tabular presenta- 
tion of filter characteristics. 

The nine appendices are rather in 
the nature of ‘“‘ Leaves from My 
Casebook.’’ Physical and mathe- 
matical formulae are indiscrimi- 
nately mixed in the first. The 
second discusses tuning problems in 
circuits having different frequencies 
of phase and amplitude resonance. 
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REVIEWS 


The titles of others are: ‘‘ Impe- 
dance matching in long wave aerial 
circuits,’ ‘‘ Phase shift measure- 
ment by cathode ray oscilloscope,”’ 
etc. 

It is difficult to appreciate the 
reason for the lengthy bibliography 
since the author admits that it was 
not planned to link up with his text. 
Would it not have been better to 
save the 70 pages by referring to 
Science Abstracts, which goes much 
further than listing articles from a 
few of the English and American 
technical publications ? 


K. R. Sturtey. 


TV Picture Projection and 
Enlargement 


By Allan Lytel. 192 pp. 119 figures. 
J. F. Rider Publisher, Inc., 1949. Price 
3 dollars. 


HIS little book is one of a series 

produced by Rider Publications, 
which has the object of introducing 
the radio or television service engi- 
neer to the new features of projection 
television receivers. 

The beginning of the book is con- 
cerned with a simple explanation of 
the principles of reflexion and refrac- 
tion as applied to mirrors and 
lenses. There are some notes with 
diagrams of the direct image magni- 
fication by large liquid-filled magni- 
fiers. 

Then the book deals with the 
arrangement of Schmidt projection 
systems in the American type of 
home projection receiver and _in- 
cludes notes on the new Philip’s 
“* Protelgram ’’ system. The illus- 
trations of this part of the subject 
matter have the most interest for 
the radio reader, as they show 
clearly the various methods em- 
ployed in America for mounting 
and adjusting optical systems and 
cathode ray tubes in five well known 
makes of sets. 

The final chapter deals with the 
development of projection television 
for large screens, and here the 
author is not up to date and does not 
give any original information. At 
great length he describes the skia- 
tron or dark trace tube, the super- 
sonic television projector and the 
relay projection tube, none of which 
has been developed to an interest- 
ing stage at the present time. 

good bibliography of large 
screen television papers and a set 
of questions at the end of each 
chapter concludes the matter con- 
tained in this little book. On the 
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whole ‘‘ TV Picture Projection and 
Enlargement’ is a very simple 
book, the need for which has not 
appeared in this country to date. 
No indication is given of the quality 
of picture obtained with any of 
these projec tion sets in comparison 
with direct viewing. One has the 
impression that the information has 
been taken out of catalogues, from 
which point of view it is quite 
interesting to flick over the pages 
and glance through the drawings 
and figures collected together by 


the author. 
T. M. Lance. 


Sound Reproduction 


By G. A. Briggs. 140 pp. 118 illustra- 
tions. Wharfedale Wireless Works, 
1949. Price 7s. 6d. net. 


HE first impression, upon a 

casual glance through _ this 
book, is that the author has con- 
densed rather more information than 
space. In his preface it is stated 
that his original intention _ of 
answering many questions evoked 
by his previous booklet, ‘‘ Loud- 
speakers; the Why and How of Good 
Reproduction,’’ has been extended to 
include a consideration of records 
and pick-ups. 

great deal of work must be 
represented in the book, measured 
by the number of tests reported in 
the loudspeaker section, As a com- 
pilation of relevant information 
from authoritative sources, some 
previously published, and some 
supplied specially to the author, the 
book puts more data in less space 
than any contemporary work of 
British origin, while the 60 per cent 
or so of space devoted to original 
work presents the appearance of a 
laboratory notebook in print, The 
reviewer feels that as a result the 
conclusions drawn by the author may 
be more than obvious to those who 
have performed similar work, while 
to those less informed in the field, 
some of the material may remain 
somewhat obscure. 

A more notable example of weak- 
ness in presentation appears in 
Chapter 10, on Intermodulation. 
After excusing | himself for not 
possessing the “ knowledge of the 
science of high frequency radio 
transmission necessary for a com- 
plete understanding of the pheno- 
menon,” he quotes a lucid explana- 
tion by Mr. Beaumont with a 
suitable diagram. To this he adds 
a further verbal and graphic illustra- 
tion that shows some confusion is 
still present in the author’s mind on 
the subject, presumably leaving the 
reader without previous knowledge 
of the principle in a similar position. 

The material in the section on 
pick-ups and records is well com- 
piled, and includes some excellent 
photomicrographs specially prepared 
by Mr. C. E. Watts. Closing 
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Recently Published 
AN INTRODUCTION TO 


| LUMINESCENCE 
| OF SOLIDS 


| by 

H. W. Leverenz 
(Research Chemico-physicist, 

| R.C.A. Laboratories, Princeton, N.J.) 

| 586 pages. 143 figures. 96s. net, 


acknowledged authority on the 


| An up-to-date text book by an 
| subject of luminescence. 


| MATRIX ANALYSIS 
| OF 
| ELECTRIC 
NETWORKS 
- 


| ° 

| P. Le Corbeiller 
(Professor of General Education and 
Applied Physics, Harvard University) 


122 pages. 49 figures. 24s. tet. 





| 37, ESSEX STREET, LONDON, W.C.2. 








CATHODE RAY TUBE TRACES 
by H. MOSS, Ph.D. 


Price 10s. 6d. Postage 6d. 
This Monograph is based on a series of articles 
published in Electronic Engineering and con- 
tains the elementary theory of common types, 
with notes on their production. 

“This book has considerable general 
educational interest.’’—-Electrical Review. 

** The photographs of c.r.-tube traces are 
excellent and in both their quality and their 
number they form an outstanding feature of 
the book.’’—Wireless Engineer. 


A HOME-BUILT TELEVISOR 
For Sutton Coldfield Reception. 


by W. I. FLACK 
Price 4s. 6d. Postage 3d. 


This booklet fully describes the design and 
construction of a high quality receiver for the 
reception of the Sutton Coldfield trans- 
mission. 


Reprints of the article by W. I. Flack on 
suitable pre-amplifiers for use with either the 
Alexandra Palace or Sutton Coldfield models 
of the Home-Built Televisor (originally 
published in the April, 1950, issue of 
** Electronic Engineering ’’) are now available 


Price 9d. Post Free 10d. 
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BOOK REVIEWS (Continued) 


| shapers summarize the subject of 
Musical Instruments ”’ 
as treated by S. K, Lewer, and give 
useful representative design values 
for crossover networks, 

For those who found Mr. Briggs’ 
first booklet interesting and pro- 
vocative, this book will undoubtedly 
bring further interest, and probably 
provoke as many questions. Many 
will appreciate the added value of 
the interspersed poetic quotations, 
and the author’s sense of humour, 
exemplified in describing one design 
** guaranteed to pick 
up the hum from a piece of 
Gorgonzola.”’ 

N. H. Crowuurst. 


The Technique of Radio 
Design 


By E. E. Zepler, Ph.D. 2nd edition. 
394 plus XV pp. 283 figures. Chapman 
& Hall, Ltd. 1949. Price 25s. 


HE object of the book is, in the 
author’s words, ‘‘ to convey to 
the reader some of the experiences of 
a radio designer obtained over a 
number of years in a large works 
laboratory . The technique of 
design consists in foreseeing compli- 
cations and in being able to work out 
on paper the electrical circuit and 
the mechanical construction so that 
serious trouble is not likely to occur. 
To develop qualities necessary for 
such work, i.e., a feeling for the 
right order of magnitude, a quick 
grasp of essential facts and common 
sense in approaching the problems, 
is the principal aim of this book.”’ 
The book deals mainly with prob- 
lems closely connected with the work 
of developing and of testing radio 
receiving apparatus of all types. It 
contains a rich store of practical 
knowledge and of wisdom based on 
first-hand experience, the arrange- 
ment being methodical and in 
logical order in 15 chapters under 
the following headings speaking for 
themselves: 1. Some fundamental 
theoretical facts; 2. Transfer of 
energy from the aerial; 3. The ampli- 
fier stage; 4 Detection and fre- 
quency ee: 5. Selectivity; 5 
Receiver noise; Gain control; 
The principles of screening; 9. Un. 
desired feedback; 10. Hum, spurious 
beats; 11. Distortion; 12. Parasitic 
resonance; 18. Power supply: 14. 
Routine measurements; 15. Fault 
finding. A number of useful formule 


is assembled under a_ separate 
heading. 

The presentation of the subject is 
throughout at an_ even level, 


coherent, fluent and lucid, aided 


by 283 clearly designed figures and 
a considerable number of practical 
examples. It may be said without 
qualification that the author has 
admirably achieved his aim, 

A few observations, of a minor 
nature, may perhaps be considered in 
a further edition of the book. It 
would be helpful for the reader to 
find all figures provided with 
captions, and to see the headings of 
sections and sub-sections in Chapters 
2 and 4 signified by the method 
applied, e.g., in Chapter 5; a few 
more sub-headings would break up 
the text, e.g., Direct coupled ampli- 
fier on p. 70, Feedback on p. 71, 
Design of coils on p. 90. Some 
formule and equations are referred 
to in other places of the text, for 
direct finding numbering would be 
an advantage. ** Capacitor,” 
‘‘inductor,’’ and ‘“‘ anode _ slope 
resistance ’’ might, respectively, re- 
place ‘‘ condenser,’’ ‘‘ choke,’ and 
** valve impedance,”’ and on p. 222 
** volume control ’”’ is meant to read 
‘gain control.’ Instantaneous 
values of currents and_ voltages 
should be signified by small letters. 

The book, of which the first 
edition was published in 1943, with 
a second impression in the same 
year and a third impression in 1945, 
is a revised version, brought up to 
date, of the first edition, and is 
excellently printed. It is warmly 
recommended as a valuable guide 
and reference book for workers who 
are confronted, either in their daily 
work or occasionally in the labora- 
tory, with the task of designing 
and/or testing an apparatus of the 
radio receiver type. 

R. FErsere. 


The Practical Electrician’s 
Pocket Book 


Edited by R. C. Norris. 52nd Edition. 
518 pp. Electrical and Radio Trading. 
1950. Price 5s. 


te useful annual pocket book 
this year includes several new 
features: a chapter on Battery Elec- 
tric Vehicles; the Agriculture and 
Horticulture section has been 
extended; new guidance on ventila- 
tion has been included; a new 
review ‘‘ Electronics in Industry ” 

has been added; “ Soldering > and 
** Winding resistance ’ are new sub- 


jects, and ‘‘ Rewinding small 
motors’? has been completely 
rewritten. 

new Mains Voltage Table, 


covering over 5,000 places, has been 
compiled with the aid of the Area 
Boards. 
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LETTERS TO THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


Permanent Magnet Lenses _ for 
Television Tubes 


Dear Srr,—I notice that the 
diagram Fig. 1 in D. Hadfield’s 
article in the April issue of 
ELECTRONIC ENGINEERING shows 
electrons spiralling in ever de- 
creasing radii under the action 
of the focusing field. 

It appears to me that the 
electrons only execute a helical 
motion while they are under the 
influence of the magnetic field, 
and do not continue spiralling 
until they reach the screen as 
shown in the diagram. 

In addition it can be shown by 
quite a simple piece of mathe- 
matics that if the magnetic field 
is uniform over the whole of the 
electron path and parallel with 
the axis of the tube and if an 
electron leaves the cathode on 
an axis but at an angle to the 
axis, then this electron will 
follow a helical path, with the 
axis being a generator to the sur- 
face containing this helix. The 
pitch of this helix depends only 
on the axial component of velo- 
city of the electron and _ the 
strength of the field, so that if 
a number of electrons leave the 
cathode at different angles but 
with the same component of 
velocity parallel to the axis then 
they will each execute helices of 
equal pitches. Thus the electrons 
will all return to the axis at 
points that are distant from the 
cathode by some multiple of this 
pitch. For a given distance from 
points that are distant from the 
the cathode to screen this means 
that there are a number of 
possible values of field which will 
produce focusing, the lowest 
value of which corresponds to the 
single helix of the electron 
trajectory. 

When the electron velocity is 
not constant throughout its path 
and the axial distribution of the 
magnetic field is not uniform 
then the action is more compli- 
cated, but it is to be expected 
that it will be analagous to the 
above description of the simple 
case. 

I think it is at any rate quite 
clear that the electrons do not 
execute spirals about the tube 
axis, but to one side of it as 





explained. Also the field is 
usually adjusted to give focusing 
with the lowest value of flux, 
showing that the electrons only 
rotate through one coil of the 
helix in their path to the screen. 
Yours faithfully, 


E. J. Wayman, 
Queen Mary College, 
London University. 


Mr. Hadfield replies :— 


‘Mr. Wayman’s assumption 
of a uniform magnetic field over 
the whole of the electron path 
and parallel with the tube axis 
is purely hypothetical and cer- 
tainly does not arise in practice. 
The magnetic field is a maximum 
at the centre of a magnet and 
decreases along the axis on either 
side. 

The field is not really parallel 
to the tube axis at any point but 
the tube axis is tangential to the 
lines of force at the point of 
maximum field strength, thus the 
particles start their, journey in a 
very weak magnetic field which 
increases in intensity to a maxi- 
mum as they pass through the 
centre of the magnet and it then 
decreases to a minimum as they 
travel onwards towards the 
screen. 

There is only one value of 
field strength to produce opti- 
mum focusing, this factor being 
proved experimentally. 

Mr. Wayman is probably cor- 
rect in that the electrons may 
traverse only one coil of a helix 
before striking the screen but I 
disagree with him that there are 
a number of possible values of 
field strength which will produce 
focusing depending on the pitch 
of the helix. Neither can I agree 
that the electrons execute spirals 
to one side of the tube axis. 

It should be pointed out that 
Fig. 1 is over-simplified in order 
to avoid more detailed mathema- 
tical analysis of the physical 
principles involved. 

The action of the field on an 
electron is felt before the electron 
reaches the centre of the magnet, 
the force increasing as the field 
strength increases and thus some 
bending of the electron path will 
take place before it reaches the 
centre of the magnet. 


I would like you to express my 
thanks to Mr. Wayman for going 
into the matter in such detail.” 


Semi-Conductors 


Dear Sir,—May I thank you 
for publishing an article which 
enables engineers to keep abreast 
of physical and chemical pro- 
gress on the nature of electrical 
phenomena. 

Since the action of selenium 
has not been published, although 
that of copper oxide in the metal 
rectifier has been dealt with in 
detail, Dr. Harris may care to 
comment on the following : 

It would appear that both 
copper oxide and selenium are 
deficit semi-conductors, the dif- 
ference in forward direction of 
their rectifiers being due to the 
former having a back wall and 
the latter a front wall barrier 
layer. 

Williams and Thompson 
(J.1.E.E. 1941, 88, Part I), ex- 
plain that the selenium rectifier 
is poisoned by sulphur and tellu- 
rium but is rendered suitable 
for use by adding 0.1 per cent 
halogen compounds, which are 
in the same column of periodic 
table and to the right of it 
respectively. The probability is, 
therefore, that selenium owes its 
action to F centres, which are 
vacant halogen ion sites in the 
lattice, carrying a__ positive 
charge, and able to hold an 
electron. These are the impuri- 
ties. 

Dr. Harris’s explanation of the 
Ferni diagram does not appear 
to tally with that of Professor 
Mott, (J.I.E.E., 1949, Part I, 96, 
page 257), since Professor Mott 
gives E, +E, as the work func- 
tion of the surface between the 
metal and the semi-conductor, 
and Professor Mott regards this 
as constant under varying elec- 
tric fields taken as the contact 
potential. 

The same remarks apply to 
Fig. 5, save that 5b and 5c are 
interchanged in the text. 
‘Finally, since no __ rectifier 
would work with equal front and 
back layers, why is a_ potential 
photocell imagined as _ having 
equal layers at front and back? 
(Fig. 6). 
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With compliments to Dr. 
Harris for the way in which he 
has dealt with a very difficult 
subject. 

Yours faithfully, 
D. G. Pearce, M.Sc., A.M.I.E.E. 
Bolton, Lancs. 


Dr. Harris replies :— 

**T regret the errors which 
have crept in, since Fig. 4 was 
copied from the illustration on 
p-179 by Mott and Gurney’s 
** Electronic Processes in Ionic 
Crystals ”, which is a most valu- 
able reference book. Of course, 
the contact potential is E, and 
height E, + E. should appear 
constant as Mr. Pearce remarks. 
Incidentally, in Figs. 5 and 6 the 
vertical lines should not project 
above the lines representing the 
potential energy of an electron in 
the first empty level. The 
reference to Figs. 5b and 5c in 
the text should be interchanged. 
As for Fig. 6, it seems to me 
simpler to depict a symmetrical 
system which could be made 
asymmetric by illumination of one 
boundary only, but it is certainly 
true in practical cases that two 
dissimilar boundaries are _ illu- 
minated and the net photo E.M.F. 
is the difference between the 
photo E.M.F’s set up on each 
boundary.”’ 


Time-Calibrated C.R.T. Traces 


Dear Str,—In the February 
issue of ELECTRONIC ENGINEERING, 
C. H. Banthorpe has described an 
interesting circuit which he pro- 
poses for use as a time marker 
for an oscillograph or as a com- 
ponent part of a television bar 
generator. I would suggest that 
the same circuit may be em- 
ployed to generate a signal for 
line wobbling in a television re- 
ceiver, although it is probable 
that an amplifying stage will be 
required. 

The scanning waveform may 
be differentiated and the positive 
pulse removed, the resultant 
signal being applied to the sup- 
pressor grid of the valve to cut 
off the anode current during the 
flyback period. The output 
square-wave signal may be ap- 
plied to two deflector plates to 
cause the line trace to wobble in 
a vertical direction. The peak- 
to-peak amplitude of the line 
wobble should be equal to the 
distance between adjacent scan- 
ning lines in alternate traces. 
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Let us assume that the picture 
is 10 inches high and that the 
distance between scanning lines 
is, therefore, 0.677 mm. Let us 
also assume that the peak-to-peak 
output potential, after amplifica- 
tion, is 100 Volts. The deflexion 
sensitivity required is then 
0.00677 mm./Volt. If the de- 
flector plates are about 15 inches 
behind the plane of the screen 
and 3 inch apart, they must be 
about $ inch square when a po- 
tential of 8,000 Volts is applied 
to the anode of the cathode ray 
tube. For experimental purposes 
the plates may be made a little 
larger than this and they may 
take the form of metal foil, 
glued, or otherwise fixed, to the 
outside the cathode ray tube. 

Since an output of only about 
10 Volts can be expected from 
the circuit given in Banthorpe’s 
article, an amplifier will be re- 
quired to provide the output of 
100 Volts postulated above. 

The advantages of line wob- 
bling are as follows :— 

Eye-strain is greatly reduced 
since the observer can sit nearer 
to the screen and he is then able 
to see fine detail more easily. 
Furthermore, it is not necessary 
for him to force his eyes to reject 
the gap between the lines while 
struggling to accept details in 
image which are of even smaller 
dimensions. 

Yours faithfully, 
O. S. PUCKLE. 


Beaconsfield, Bucks. 


Mr. Banthorpe replies :— 

Mr. O. S. Puckle’s suggested 
application of the circuit is inter- 
esting, and it would clearly func- 
tion as he describes. There seems 
no virtue, however, in triggering 
the ‘‘jitter’’ scanner and_ the 
circuit will, of course, self run 
if the suppressor grid is joined 
to cathode. 

If the B.B.C. were to use a 
similar jitter however, such lock- 
ing might be an advantage. 

I feel that if ‘‘ jitter” is to 
come, it would be best be done 
at the transmitter and receiver, 
and a ready made sync. could be 
used. There already exists in the 
video output of a good receiver a 
3.5 Mc/s component (the beat 
between sound and vision car- 
riers) and if this were extracted 
and doubled or trebled, this 
7 Mc/s or 10.5 Me/s signal could 
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be used for line wobbling. The 
B.B.C. could lock their wobble in 
the same way, and the limitation 
on vertical definition would be 
eased. Work on_ these lines 
should be extremely interesting, 
and the results be very important 
when “selling ’’ a system. 


Electronic Instruments in Diagnostic 
Medicine—Part II 


Dear Sir,—It was with great 
interest that we read an article 
on Electronic Instruments in 
Diagnostic Medicine (Part 2) by 
Mr. H. A. Hughes in the March 
issue of ELECTRONIC ENGINEERING. 

We would like to bring to your 
notice that Fig. 12, which shows 
a ‘‘ sketch of typical trace from 
Cossor Model 1314 Electro-Cardio- 
graph,”’ is not strictly accurate 
and we were wondering whether 
you would be good enough to 
print a true reproduction of an 
actual tracing. 

Yours faithfully, 
A. C. Cossor LIMITED 


A.C.COSSOR LTD. LONDON, N.S. 
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Atomic Energy 


Dear S1r,—In the editorial in 
the April issue of ELECTRONIC 
ENGINEERING on Atomic Energy 
is stressed the danger of waste 
products and the difficulty of dis- 
posing of them. I would suggest 
that the simplest way would be 
to contain them in pellets, quite 
big ones, and fire them into 
space where they would settle in 
an orbit around the Earth, and 
be out of the way. We are 
almost in sight of being able to 
do this, and by the time waste 
products are a big problem, the 
design of a _ pellet should be 
possible. 

Yours faithfully, 


C. H. BANTHORPE, 
Hayes, Middx. 
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When bare wire and sleeving is the prescription 
choose DELAFLEX sleevings. They give you the 
properties you want, and are available in various 
single and multiple colours to suit the most com- 
plex coding schemes. Diameters from 0.5 mm. 
upwards. Materials: Varnished Cotton. Varnished 
Art Silk (Rayon), Rolled Silk and P.V.C. with 
optional metal screening. 


When the completely insulated conductor is 
wanted for quick *‘ hook-ups ’’ the HAMOFIL series 
will fill the bill. The range includes both single and 
stranded conductors in Hamofil ‘‘ Push Back” 
type (to facilitate rapid soldering without the need 
for ‘‘ stripping ’’ and P.V.C. covered wire. Available 
in single and multiple colours. We shall be happy 
to send sample cards and price lists on request. 


CONNECTING 





DELAFLEX 


INSULATING SLEEVINGS 


nAMOFIL 


WIRES 





Other DE LA RUE products in which we should like to interest you are our Laminated 


Plastic Boards DELARON and TRAFFOLYTE 


. Delaron is available in high and low grade 


electrical boards. Traffolyte is specially produced for signs, dials, notices, etc. If interested 
please extend your enquiry to embrace these items. 


THOMAS DE LA RUE & CO. LTD. 


(Plastics Division), IMPERIAL HOUSE, 84/86 REGENT STREET, LONDON, W.I 





* Delaflex ’ and ‘ Hamofil ’ are regiztered trade names of Thos. De La Rue & Co. Ltd. 








— ANEW 
s HIGH 

FIDELITY 
SPEAKER 


CONCENTRIC DUPLEX 


SPECIFICATION: Series Gap magnet of “‘Alcomax’’ 3 
Flux in LF gap 12,000 gauss on !” pole 

ay aa Es NSOUO Baus i 5: 
Power handling capacity, 6 watts. Frequency range 
50-14,000 c.p.s. Fundamental bass resonance, 65 c.p.s. 





Complete with matching transformer 
and filter condenser £6.6.0 


£11.3.0 


Table cabinet model 











Corner console, less transformer 


details will be sent on request. 








12° SPEAKER CHASSIS 


Highest distortion-free performance — accurate 

reproduction over widest possible audio - frequency 

range. Magnet of “Alcomax’’, the most efficient 

anistropic alloy. Die-cast chassis. Flux density : 

13,500 gauss. Total flux: 106,000 gauss. Speech 
coil impedence : 15 ohms. Handling 
capacity : 15 watts. 


£12.12.0 7; Y om wp Price £6-6-0(without transformer) 
A 12” chassis is now available and Cy) G, Vahl £7-7-0(with transformer) 
zz 
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One of many 
robust Multi- 
core cables 
for trailing 
Camera Leads, 
‘y/ capéble of 
if ff withstanding 
continuous 


I] flexing. 





Many years experience in cable- 
making enables Telcon to meet any 
requirements, especially for Tele-’ 
vision and Ultra Frequency Feeders. 
Constant research, too, ensures that - 
TELCON will continue to lead. | 
au ‘Here are two applications which 
High indicate the comprehensive range | 


Uniformity, 


Coaxial, having of TELCON Cables. : : 


medium power 
handling capacity. 







Oe 


a 









CAA 















THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD TELEON 


Founded 1864 
Head Office: 22 OLD BROAD STREET, LONDON, E.C.2. Tel : LONdon Wall 7104 4 “ 
All enquiries to: TELCON WORKS, GREENWICH, S.E.10. Tel: GREenwich 3291 cuss? 















FOR USERS NAGARD TYPE 103 OSCILLOSCOPE 








d pace THREE NEW i‘ 
CONSTRUCTION 
The unit construction D.C. AMPLIFIERS 
enables any one of these DC. to 20 — 


amplifiers to be used in 
the NAGARD Type .103, 
then providing time and 


GAIN OVER 100,000 
NOISE LEVEL 2yV. 


D.C. to 2 Me’s. 


GAIN OVER 15,000 
NOISE LEVEL 60,V. 


D.C. to 10Mce/s. 


GAIN OVER 250 
RISE TIME 0:05usecs. 


ALL STABLE AND DRIFT FREE 


NAGARD 


245, BRIXTON ROAD, LONDON, S.W.9 


voltage calibration. 


They can also be had 
as self-contained cased or 
rack-mounted instruments 
with inputs and outputs to 
meet specific requirements. 


Ns 














SEE 


what you measure! 





Phone : BRixton 3550 
Grams : Intertel, Claproad, London. 
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RECTANGULAR INSTRUMENTS BY 


These th.ee rectangular instruments are designed 

on symmetrical lines, thus giving a distinctive clear 

open sca'e and pleasing appearance. Each size 

available in all standard ranges. The Series 65 and 
35 can be fitted with dial illumination. 


=> 


















Series 65 Series 35 Series 30 
MEASURING INSTRUMENTS (PULLIN) LTD. 
Electrin Works, Winchester St., Acton, London, W.3. Telephone ACOrn 4651/3 & 4995 














—— ALL-POWER —- 
~, CONSTANT VOLTAGE LABORATORY SUPPLIES 
We can supply Standard, Semi-standard and Special Power Supply Units 
to meet any requirements. These Units provide an exceptionally 
constant and stable power source for use in Meter Calibration and 
Standardizing Laboratories, and for accurate Research work of all types. 
MODEL 102-A 
OUTPUT - ~- 220-320 VOLTS, 0-250mA. 
STABILIZATION RATIO- - - >20,000. 
INTERNAL RESISTANCE - <0.05 OHM. 
E OUTPUT RIPPLE - - - - >> /ImV.R.MS. 
wi 
ALL-POWER TRANSFORMERS LTD. 
CHERTSEY ROAD, BYFLEET, SURREY. 
TEL. BYFLEET 3224, 3225. 
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The Quality of 
old Craftsmanship 


in Modern form 


INSTRUMENTS 


d.c. coupled cathode ray oscilloscopes 
oscilloscope cameras 
valve voltmeters 
a.f. attenuators 
beat frequency oscillators 
stabilised power supply units 
high dissipation resistance boxes 


Please write for our catalogue 


FURZEHILL LABORATORIES LIMITED 
BOREHAM WOOD - HERTS : Tel: ELStree 1137 














OBJECTIVE 
RESEARCH 





THE appreciation of 
recorded sound is always an intensely 
subjective matter. What one person may 
call “ high-fidelity’ reproduction may 
cause another acute displeasure. Fortu- 
nately, however, the science of acoustics has 
established sufficient common ground for 
there to be a generally accepted “ ideal ” 
performance for any acoustic instrument. 


e 


To those whose concern is the attainment of 
this ideal, the symbols “‘ G.P.20 ” stand for 
a pick-up which more completely fulfils 
their demands and hopes than any other 
reproducing instrument at present com- 
mercially available. With its automatic 
bass-boost, which eliminates the need for 
equalising components ; an output up to 
20 times greater than lightweight magnetic 
types ; a needle pressure of only 12 to 14 
grams and a flexible stylus mounting which 
prolongs the stylus life to at least 2,000 
playings ; and above all, a non-hygroscopic 


and unbreakable crystal element—the 
G.P.20 is indeed the most advanced 
instrument of its kind. 

* 


The result is an acclaimed triumph in this 
most subjective field and was achieved by 
acos research working with a long experi- 
ence of developing piezo-electric applications 
for all acoustic problems. This acos 
research is inspired by an appreciation of 
the needs of to-morrow ; hence the inter- 
changeable head for long playing records. 
The importance of this development will 
commend itself to all who make and use 
gramophones. 





COSMOCORD LIMITED - * MIDDX. 


ENFIELD 
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Continuous pressure is the raison 
d'etre, but such efficiency 

is more usefully applied in the 
'Talk-you-down' system 

bringing aircraft safely on to 
the runway, It is but 

logical that this important work 
demands Transformers which are 
the result of specialised 
development and manufacture, 
and it is surprising how often 


they bear the name 


Parmeko 


PARMEKO :/ LEICESTER 


Makers of Transformers or the Electronic and Electrical Industries. 
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NILO K for use in seals 
in medium-hard boro-sili- 
cate glasses. 


NILO 48 for thermostats 
operating up to 450°C. and 
seals in certain soft glasses. 


NILO 


ALLOYS 
FOR 
CONTROLLED 
EXPANSION 


NIL O 42 for oven thermo- 
stats, lead-in wires for lamps 
and valves. 


NIL O 36 for clock pendu- 
lums, precision gauges, 
surveyors’ tapes, etc, 


The Nilo alloys are nickel-iron and nickel-cobalt-iron alloys 
with small controlled coefficients of thermal expansion. 
Nilo 36 has a coefficient of expansion approaching zero at 
atmospheric temperatures. 

Nilo 42 has a slightly higher expansion, but it holds this 
figure at higher temperatures than Nilo 36. 

Nilo 48 has a coefficient of thermal expansion similar to that 
of certain soft glasses, and may be used at temperatures up 
to about 450°C. 

Nilo K has a coefficient of thermal expansion similar to that 
of medium-hard boro-silicate glasses. These glasses, having 
good thermal shock resistance, are widely used in the con- 
struction of electronic equipment. : 


*Nilo is a registered trade mark 


For further particulars, write to... 


HENRY WIGGIN & CO. LTD 
WIGGIN STREET, BIRMINGHAM, 16 


36/HA/2 
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the value of 


dag COLLOIDAL GRAPHITE 


to the electronic engineer 








A POLE Because of their unusual properties ‘dag’ dispersions 
AN UTED Move! of colloidal graphite are constantly finding new 
Me oF applications in the electronics industry. 


The films formed possess :— 





To meet the insistent demand from : : ; 
dealers to supply the ‘ Antex’ for : Good electrical 





pole mountng, we have produced the : re ibs 
model XP which now brings the fF and thermal conductivity and radiation. 
acknowledged high efficiency of the 2 i Ree 

‘Antex’ to outlying areas. The fF Inertness to E.M. radiation and electron 
extraordinarily light weight of the : bombardment, 
‘Antex’ makes installation extre- . . : , ‘ : 

mely simple, as can be seen from the fF Opacity, Diamagnetism, Chemical inertness. 
illustration below. By the same : a : 

token, the pole mounted ‘ Antex ’ is : Applied by brush, spray or dip, they may be used as :-— 
essentially a trouble-free aerial. Now, : Electrodes in Cathode Ray Tubes, Geiger counters. 
even more dealers can profit by its . 

manifold advantages. e radiation meters, 
MODEL XP “‘ANTEX”’ for London Area Electrostatic shields for deaf aids and other instruments, 


MODEL XP/B ‘‘ANTEX”’ for Birmingham Area 


Complete with pole mounting fitting Conducting coatings for bleeding off static, corona 


RETAIL PRICE - - - £2 3 6 prevention, 

The Electrical and Mechanical design is fully R Z 

protected, Pat. No. 630795. and Tuov, Pat. Resistors—printed and conventional types. 
12178/49 and Reg. Des. No. 859630. 





‘Seen POST THIS COUPON TO-DAY ny 











H i 

} TO: ACHESON COLLOIDS LIMITED 1 

| 18, PALL MALL, LONDON, S.W.1 Hl 

: Please send me additional information on the above or other I 

applications for * dag’ in the field of electronics. | 

WALL MOUNTING TYPE 
BE RRINTATE Te, 5 Senne ee eR ! 

I } 

ADDRESS SER EY oe ee SN en OYE TERT A 

I 1 

= ai dad | 
ANTIFERENCE LIMITED ONDE co oT rR aE EER TR dag 
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The TRUE TEST ofan 


st EL iY : 


The “SELECTEST ”’ is built for the main job in 
radio servicing — that of measuring VOLTS, 
AMPERES and OHMS — and nothing else. That 
was the intention. The result is that it does this 
job accurately and reliably — and will continue to 
do it. There is no better instrument for the job. You 
can rely on a “SELECTEST’’ — it’s a G.E.C. 
Measuring Instrument. 


Cat. No. M4I11. Price £16.5.0 
VOLTS AMPS OHMS 

A.C. 7.5, 15,75, 150, A.C.75, 150, 750mA. 1,000 

300, €00, 750, 1,500. 1.5, 7.5, ISA. 10,090 

D.C. 150mV.300mMVv. pe 1's 3. 15. 30 0° 

1.5, 3, 15, 30, 75 phere, Hedy Sy BD Uy 100,000 


150, 300, 600, 750, 150, 300mA. 1.5, 3, 
1,500 V. 15, 30 A. | Megohm. 


aes 
Please send for leaflet No.X334 F.S.D. | mA ’ GE ’ Ge 


SELECTEST Ge . 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C 2 














To provide a large contact area, nd 
maximum strength and cooling 
surface and accurate alignment of ~~ 
all working parts, BERCO sliding 
rheostats and potentiometers are manufactured keeping temperature rise to a minimum. 

with a hexagonal solid drawn steel tube in Open, protected or ganged types are available in 
preference to the circular tube. a wide variety of sizes. Graded windings can be 
The tube is insulated by vitreous enamel capable supplied for special applications. Write to our 
of withstanding the highest working temperatures engineers to help you select the resistance for 
without deterioration and provides maximum _ your special purpose. 

cooling surface on both inside and outside, Write for leaflet BR602/ 10 





SLIDING RESISTANCES 








THE BRITISH ELEGTRIG RESISTANCE CO. LTD. 
Queensway, Ponders End, Middlesex. Telephone: Howard 1492. Telegrams: Vitrohm Enfield. 
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AVAILABLE IN rypE; 
FROM 2 T0 33 WAYS. 


CADMIUM PLATED BRACKETS 
AND CABLE CLAMPS. 


















Taylor moving iron meters are 
repulsion type instruments of an 
improved and patented design, 
noteworthy is the almost linear 
scale shape from 20% to full scale. 
Available in round flush and semi- 
flush rectangular types, many 
ranges are ‘‘ex stock’’ 


Illustrated catalogues of all Taylor 

products gladly sent upon request 

SERIES 350 

Other yroducts include: MULTIRANGE A.C. D.C, TEST METERS 

TAYLOR ELECTRICAL INSTRUMENTS LTD SIGNAL GENERATORS @ VALVE TESTERS @ A.C. BRIDGES 


419-424 MONTROSE AVENUE, SLOUGH, BUCKS, ENGLAND CIRCUIT ANALYSERS @ CATHODE RAY OSCILLOGRAPHS 


Telephone SLOUGH 21381 (4 lines) e Grams & Cables TAYLINS; SLOUGH HIGH AND LOW RANGE OHMMETERS @ OUTPUT METERS 
INSULATION TESTERS @ MOVING COILINSTRUMENTS 
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MINISCOPE 


tracks down parasitic oscillations 


A.F. Amplifier test. Test signal to input. 
“Miniscope’’ probes across output of each 
: aed INPUT t li 
stage in turn. Trace clearly indicates stage test — pote nore —_ 
in which parasiticoscillations are present. sine-wave, generous 
amplitude. 











The M. 861B “ Miniscope ’’—the most compact of all oscilloscopes 
—weighs only 74 Ibs. and measures only 62” in height—yet is a 
thoroughly reliable portable instrument of immense value to 
the serious radio engineer — and at a reasonable price. 
Specification 

“X” plate sensitivity 50 v/cm. “Y’’ plate sensitivity 60 v/cm. 

Time Base frequency sweep 10-50,000 c.p.s. Price £21.0.0 
*‘Add-on’’ Units available 

M.862B Double Beam Unit M.863B I.F. Alignment Unit 

Price £12.0.0. Price £8.10.0. 

DELIVERY — AT ONCE Send for leaflets Nos. X.9832, 


; X.365 and X.475 
minimise 
trouble shooting with A 
g ¢ tt 


MINISCOPE “™ 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 


Two outstanding advantages .. 























e This bridge not only measures balanced or 
unbalanced impedances with equal facility, but also 
has the merit of extremely low impedances 
looking back into the terminals and from the 
terminals to ground. It provides, at radio 
frequencies, the range, flexibility and stability 
of an audio-frequency impedance bridge and, 
having a neutral terminal available, it 
permits the measurement of three-terminal 
networks. A high degree of accuracy is 
maintained throughout the full frequency 
range. 









Wayne 


RADIO FREQUENCY BRIDGE B601 tt Kerr 
Capacity: 0°01 pf. to 20,000 pf. in five ranges. iy 
Resistance : 10 ohms to 10 megohms—6 ranges. i 


Inductance values which will resonate the above 
capacities between 15 Kc/s and 5 Mc/s. 

Direct reading accuracy is constant to within 1% 
up to 3 Mc/s and may fall to 2% at 5 Me/s. 





THE WAYNE KERR LABORATORIES LIMITED, NEW MALDEN, SURREY * MALDEN 2202 
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IDV) 8s hgh Sorced 


A. F. LEVEL RECORDER 


Type 406A 


AN automatic [audio .'fre- 

quency measuring ap- 
paratus for recording response 
characteristics on linear or 
logarithmic _ scales. It is 


specially suited for recording 
rapid signal level variations 
over a wide range for such 
applications as microphone, 
amplifier and loudspeaker fre- 
quency characteristics, also 
reverberation periods and 
intensity variations with time. 


Full data"sent on request to:— 


INSTRUMENTS LTD 





130 UXBRIDGE ROAD, HANWELL, LONDON, jW.7: EALING&6215 
@ Visit ELECTRONICS CENTRE—our new London Showrooms—83 Piccadilly : Mayfai 4613 


gor the asking/ 
All you need to know 


about the ““SOMERFORD”’ 
range of Mains Transformers 












You are invited to write for this new 28-page 
booklet. Specifications, dimensions, fixing 
centres, weight, price, etc., all the informa- 
tion relating to the Somerford Mains 
Transformers including the Avon, Hengist, 
and Burley types is contained in this latest 
publication. You will find it an invaluable 
work of reference. 


Somerford Transformers are designed to 
meet the. standard requirements of the 
Radio, Television and Electronic Industries. 


Obtainable direct from the manufacturers. 


(Sarpners RADIO 


SOMERFORD, CHRISTCHURCH, HANTS. fa 


Tel.: CHRISTCHURCH 1025. 
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es Sir- \ 
that’s my baby! ’ 


If you have only limited space and require only simple 
switching, then the Type B.T. is the switch you need. It is a 
midget, and has been specially designed for small spaces. Here 


are some new features which we have recently included —- 


we ™ oat, 
park 
4 E _ ae * 
gwit’ 
wA Lt - @ 
& 
Walter Instruments : 
LIMITED 
GARTH ROAD, LOWER MORDEN, SURREY TELEPHONE : DERWENT 4421-2-3 
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The contact blades are fixed in a new 
way. This makes them completely rigid 
all the time. 


The drive spindle is positioned definitely 
in the wafer. This provides double 
bearing. 


Steady contact resistance. 

Improved insulation between contacts. 
Positive contact. 

Self-cleaning action. 

It ought to be good? It is gooa— 


sensible and efficient. It will last you 


a long time. 
CRC 45 
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EVERSHED 





SPECIAL DUTY 
F.H.P. MOTORS 
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0 1000 Z000 3000 49000 5900 60090 70900 8000 930095 199900 
SPEED RPM 
MOMENT BRUSH & 
FRAME OF BEARING la 
SIZE INERTIA FRICTION AMPS 
OZ. INS? OZ. INS. 
ra 0.5 0.5 0.25 
F.Q. 0.75 0.5 0.33 
F.A.1 1.8 0.5 0.75 
F.B.4 se} 1.0 15 
F.B.3 2.2 1.0 3.0 











EVERSHED AND VIGNOLES 


LONDON: W 


ACTON LANE WORKS °* CHISWICK ° 


Telephone: Chiswick 3670 Telegrams: Megger, Chisk, London 


June, 1950 


DATA SHEET No. | 


TYPICAL D.C. 
SERVO MOTORS FOR 
ELECTRONIC CONTROL 






Motors may be supplied 
with a limited range of 
alternative Armature and 
Field Windings. 

F.B.3 and F.B.4 Motors, 
fitted with Integral Field 
Surge Suppressors. 


Shafts Plain or D.P. Spline. 


All Motors rated for a 
stalled temperature rise 
61 55°C. 


Send for the Evershed Small 
Motors’ Data Book, EE 22. 


LIMITED 


4 


Cables: Megger, London 





5/164 
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a 
AUSTINGITE CONTROL 
The Austinlite Rotary Switch is fitted to the Austinlite 

. Control Panel which is supplied with electric 


lighthouse installations, telecommunication stand-by plant 


and other vital equipment. 


Full particulars of the Austinlite Rotary Switch 


will be sent on request. 


Aance. 


PRODUCT 


AUSTINLITE LIMITED 


(A Subsidiary of Chance Brothers Limited.) 
DEPT. AS, LIGHTHOUSE WORKS, SMETHWICK, 40, BIRMINGHAM. Telephone: West Bromwich 1051 
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HIS Airmec High-Voltage 

Insulation Tester in the TIVE 
hand of even an unskilled e! 0 I w D S STR U 
person will indicate at once 
the presence of ionisation in 
insulation, and from this " LE CTR i CAL TEST] S s 
may be judged the maxi- 


mum safe voltage at which 
insulation should be worked. 





For saving time, for non-des- 
tructive testing and sorting of 
components, for determining 
the quality of insulation mate- 
l rials, and the effectiveness 
of the impregnation of wind- 
ings, or for checking whether 





D the electrical insulation of Type 732 
apparatus has deteriorated <Q. 
during storage, thisinstrument 
is a most valuable addition AIRMEC LABORATORIES LTD 
ndon to workshop equipment. HIGH WYCOMBE: BUCKINGHAMSHIRE « ENGLAND 


T8L: HIGH WYCOMBE 2000 CABLES: COMMLABS HIGH WYCOMBE 


57164 DESIGNERS AND MANUFACTURERS OF SCIENTIFIC AND INDUSTRIAL ELECTRONIC EQUIPMENT 


ae (8). 
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3-WATT WIRE-WOUND LINEAR-LAW POTENTIOMETERS FOR VOLUME, TONE-CONTROL, ETC. 
HESE efficient Potentiometers have linear-law elements with + 15% conformity within linearity, and 
A + 24% ‘ end-hop’ or residual-Q. Wound with specially selected resistance-wire, of the best non- 
corrodible characteristics. Rated for 3-W. max. continuous working at ambient 70° C., the specified mA. 
applies to any part of the element. 

Using silent squash -plate action, efficient performance is assured with the minimum of element wear. 
Most suitable for vari-bias or other circuits where the dissipation rating does not exceed 3 Watts ; also 
for ray ty and loudspeakers—for which the low- Q types are particularly suitable. In all models the 
bush is ‘ dead.’ 

With standard R.C.M.F. ‘* 3” ¢ '’ shafts (0.247” -0.249” @ actual) to accept standard knobs. Free length 
of shaft from bush face, 14” + 4%”. Bush,#” ¢, 26t.p.i. With fixing nut, for panels up to 3.” thick. Case 
@, 1%”; 2° deep projection from rear of panel. 

Metal parts highly plated finish ; best quality rues bakelite-type case. Tested at 500 V. 






































to shaft and metal lid for insulation resistance of < 40 Q. Q-tolerance, + 20%. 
Solder-tags silver-plated for ease of 
connection. Terminals are6B.A. A wide LIST Nos. 
variety of knobs available. Q Q 
With With 
Max. mA Tags Terminals Max. mA. Tags Terminals 
10 550 L.V.C.1 1.V.C.51 1.0 K. 55 1.V.C.13 1.V.C.63 
15 450 1.V.C.2 1.V.C.52 1.5K, 45 1.V.C.14 1.V.C.64 
370 L.V.C.3 1.V.C.53 2.2 K. 37 LV.C.15 1.V.C.65 
33 300 1.V.C.4 1.V.C.54 3.3 K. 30 1.V.C.16 1.V.C.66 
47 250 L.V.C.5 1.V.C.55 4.7 K. 25 1.V.C.17 1.V.C.67 
68 210 1.V.C.6 1.V.C.56 6.8 K. 21 L.V.C.18 1.V.C.68 
100 173 LV.C.7 1.V.C.57 10.0 K. 17.3 LV.C.19 1.V.C.69 
150 140 1.V.C.8 1.V.C.58 15.0 K. 14.0 1.¥.C.20 1.V.C.70 
220 116 1.V.C.9 L.V.C.59 22.0 K. 11.6 1.V.C.21 1.V.C.71 
330 95 L.V.C.10 1.V.C.60 33.0 K. 9.5 1.V.C.22 1.V.C.72 
470 80 LV.C.il LV.C.61 47.0 K. 8.0 1.V.C.23 1.V.C.73 
680 67 L.V.C.12 1.V.C.62 68.0 K. 6.7 1.V.C.24 1.V.C.74 
































ILLUSTRATED CATALOGUE 
No. E.E. 180, price Is. postfree @ ALL TYPES MADE TO SUIT MANUFACTURERS’ INDIVIDUAL REQUIREMENTS 


A. F. BULGIN €& CO. LTD. 


BYE-PASS ROAD, BARKING [ 
felephone: RiPpleway 3474 (5 lines) 













| ARWINS 


PERMANENT 
MAGNETS 


of 
EVERY DESCRIPTION 





For Loud Speakers, 
Clocks, Relays, Meters, 
Magnetrons, Separators, 


The Name to remember for... 


a BOBBINS, FORMERS, 
TUBES & SHROUDS 
Specialist manufactured for specialised industries. Cast Your enquiries will receive our immediate attention 


or forged. Produced in all the latest types of Magnetic 
Materials. Complete with pole piecen if desired. ARMAND TAYLOR & CO. LTD. F 
DARWINS LTD + TINSLEY + SHEFFIELD ee . 
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FOR: Automatic coolant regulation. Movement for pressure 
change. Packless gland to seal spindle in high vacua. 
Reservoir to accept liquid expansion. Dashpot or delay 
device. Barometric measurement or control. Pressurised 
couplings where vibration or movement is present. Dust seal 
to prevent ingress of dirt. Pressure reducing valves. 
Hydraulic transmission. Distance thermostatic control. 
Low torque flexible coupling. Pressure sealed rocking move- 
ment. Pressurised rotating shaft seals. Aircraft pressurised 
cabin control. Refrigeration expansion valves. Thermo- 
static Steam Traps. Pressure amplifiers. Differential pressure 
measurements. Thermostatic operation of louvre or damper. 


Write for List No. V 800-t. 


Drayton ‘Hydroflex’ METAL BELLOWS 


Drayton Regulator & Instrument Co. Ltd., West Drayton, Mdx. » W. Drayton 26ll 





PLAN YOUR 
CAREER 


RADIO - TELEVISION 
and other INDUSTRIAL 
ELECTRONIC subjects 





HOME STUDY COURSES 


e@ ADVANCED RADIO 

e@ INDUSTRIAL ELECTRONICS 
@ TELEVISION 

e@ HIGHER MATHEMATICS 

e@ PHYSICS 


Obtain a copy of Free Booklet giving full details of 
these and Daytime Attendance Courses. 


Write to Dept: 11 


E.M.1. INSTITUTES 





Associated with 





““HOM.Y.”” 
MARCONIPHONE 
10 PEMBRIDGE SQUARE, NOTTING HILL GATE, LONDON, W.2 COLUMBIA 
Telephone: BAYswater 5131/2. ETC 








E. 1668 


Electronic Engineering 





As specialists to the Elec- 
tronic Industry, may we 
have the opportunity to 
quote you on your pressing 
requirements. We have a 
special department for 
enamel finishing to order. 





WILLIAM PEARCE 


(Preidsitegl LTD. 
ORMOND STREET, ccdnceom 
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BUILD YOUR OWN 
E.H.T. UNIT 


5KV, 3KV or 

from 
350-0-350 volt input 
using standard mains 
transformer and 
“Westeht” balanced 
voltage multiplier circuit 


I'7KV 


The circuit is simple, easily constructed and 
readily extended or adapted to follow develop- 

ments in the receiving equipment. No E.H.T. 
transformer or R.F. oscillator and rectifier are 
needed and the additional burden on the mains 
transformer is less than ImA. 








@[WESTINGHOUSE}@ 


FESTALITE 


36 E.H.T. RECTIFIERS 


Full details are given in ‘‘ The All Metal Way,”’ a copy of which may be 
= RO, price 6d., from Dept. E.E.6, 


WESTINGHOUSE BRAKE & SIGNAL CO., LTD., 
82, York Way, King’s Cross, London, N.|. 
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Scophony 
=BAIRD= 
TRANSFORMERS & CHOKES 


designed and manufactured to 
suit your specific needs 


HERMETICALLY 
SEALED TYPES 
-up to | KVA. 





DOUBLE and 
AUTO-WOUND 
OIL/AIR 
COOLED TYPES 
-up to 50 KVA. 
(Single or 3-phase) 


i es : 


Hermetically Sealed Transformer 
=n Wnt A | 


H 




















Send your next enquiry to :— 


SCOPHONY-BAIRD LTD., (Division6), WELLS, SOMERSET. 
Telephone : WELLS 2081-5. 











UERANICS 











UNITED INSULATOR COMPANY LTD - 


Cables: Calanel, Surbiton 






TOLWORTH - 
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- SURREY - ENGLAND 
Elmbridge 5241 


SURBITON 


Telephone: 
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HUGE DEMAND FOR 
THE MURPHY T.V. 
PATTERN GENERATOR x 


The demand for the Murphy T.V. Pattern Generator 
continues to grow, and although substantial deliveries are 
being made, our waiting list is still a very considerable one. 


ES 


EARLY APPLICATION IS ADVISABLE AS WE 
ARE RECEIVING MANY REPEAT ORDERS. 


For those who are still unaware of the outstanding excellence 
ALLY of the Murphy T.V. Pattern Generator we invite you to 
make application for a demonstration. 





‘PES 
A, % The Murphy T.P.G.11 provides in a small, portable “Q” METER 
equipment the complete synchronising waveform, as TYPE 3 
used by the B.B.C., in the test signal, essential for An accurate and reasonably priced instrument for laboratory 
id correct alignment of T.V. receivers. A pattern gen- and production use 
UND erator which does not give su-h a waveform is of Sreauency renée 100 Ke/s. — 30 Mc/s 
very limited use, so pay the extra cost—and have Ca nis vio ~ ee .. gd 500uuF. 
a Murphy T.P.G.11. n6 és a a oe si 0 n300 sa 
YPES Wesdacthe : Frequency accuracy ... He ete | 5 
KVA. For full specifications write to: Capacity accuracy... sts we 1% ort VppP. 
viel F. LIVINGSTON HOGG silicosis taanae Oe eal 


65, BARNSBURY STREET, LONDON, N.1. 
or Telephone TUDor 5277 for a demonstration SAMWELL & HUTTON 
Electronic Equipment Manufacturers 
COMBINE WORKS 
1, GOODMAYES ROAD, ILFORD, ESSEX 


Telephone : SEVen Kings 6236 





F. LIVINGSTON HOGG, SPECIALIST 
2SET. IN HIGH-GRADE INSTRUMENTS 
FOR THE COMMUNICATIONS INDUSTRY. 

















A ANAT EL NT IOBLIALE SEELAS MBR ARAL LORE NBII 
VALRADIO PRODUCTS 
have stood the test of time 


For over twelve years the Valradio Converter 
with its contained Heavy-duty Vibrator has been 
placed in high esteen by engineers the world over, 
who have had need of AC in places where only DC 
a 3 | was available; also in the field, with only the 
: On this, our TENTH ANNIVERSARY but first appearance limits of battery power available, always Valradio 
in “* Electronic Engineering,’’ we admit to a quiet pride can assure a steady flow of AC. 

in that after ten years we are still able to announce that aS 


NO B.N.R.S. STUDENT 
HAS EVER FAILED 


to pass his examination(s) after completing our 
appropriate study course. Whether this is a record, we 
neither know nor care; it is TRUE and that is all that 


THE 


BRITISH NATIONAL 


RADIO SCHOOL 


ESTD. 1940 





| Our range of products include — 

HEAVY-DUTY VIBRATORS 

| VIBRATOR ACTUATED CONVERTERS 

FREQUENCY AND VOLTAGE CHANGERS 
Also actuated by the vibrator method. 








matters. . 
All our courses are conducted by correspondence, on Briefly we make converters to operate as under: 
INDIVIDUAL lines and our Syllabus includes : s | Input D.C. 6-250 volts. Output A.C, 100-120, or 200-250 volts. 
A.M.1.E.E. (in approved cases); M.Brit.I.R.E.; City and Frequency stability, at 50, 60 or 75 cycles per second, plus 4 
Guilds, Radio Telecommunications, Mathematics; P.M.G. of 1 %. Conversion efficiency varies between 75 and 90%. 

: eae ¢ Z : Wattage loadings from 10-300 watts. 
(theory only) examination courses; also what we believe i 


to be the finest RADAR course available anywhere. 


Free Booklet from 22 types available for your need whether it be: 


ELECTRONICS, TELEVISION, RADIO & SOUND, or 
INDUSTRIAL REQUIREMENT. 
a 








STUDIES DIRECTOR 


BRITISH NATIONAL RADIO SCHOOL 


May we send you our Kiterature or consider your special problem ? 


| VALRADIO LIMITED 


57, FORTRESS ROAD, LONDON, N.W.5. 
Phone: GULliver 5165 
lle ole 


ND 66 ADDISCO\MBE ROAD, CROYDON 
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TIOUS ENGINEERS 


IMPORTANT GUIDE TO SUCCESSFUL 
ENGINEERING CAREERS 


After months of intensive effort, we are pleased to 
announce that the new edition of our 176- oso ss 
book, “ENGINEERING OPORT 
now ready for free distribution. 

This book is, beyond argument, the finest and most 
complete Handbook on Successful Electri ical En: 
Books Careers ever compiled. It should be on ro 

~f-4 every person interested in any phase of 
gineering, whatever his age, position or 





HIGH VOLTAGE SUPPLIES 


z 











bs 


VEUNITE 


a nace nig 
book shows, among ond intensely interes- 
ow Ng — oe. = a ay o! ae ra S. “y, A.M, 
t. Sua bs P.O., and 
every LRE Tapenees yee Mew prin Mane vg whilst 
details are given of over 200 Courses in all branches 
of Engineering. The Electrical Group of Courses 
includes : Neon Lighting, Power House Design, 
Radio, Teloviclons Alternating = sony Sound 
Film di snc ong Mains ~~. ring, Measur- 
Instruments, Electrical Design, Electricity 
Supply, Electronic Engineering, General Elec- 
trical ngineering, Electrical Installations. 
The Handbook also explains the unique advantages of 
tobi Attlee’ or sabtiion’ for our Employment Dept. 


A 
breakdown testing We Guarantee “NO PASS—NO FEE”’ 


@ Input A.C. 115-250 volts, 40-100 cycles 


A$ 





Model $4,50 Breakdown Tester 





%~E EHING 


@ Continuously variable 2-30 KV 
@ Positive or Negative output 


EPG 





If you wish to become scome Tecnica a ONETIE ualified you nae nag to miss 
A complete range of Radio Frequency high voltage equipment is reading “‘ ENGINEERIN your own 

available from 2 to 50 KV at | mA inter OW ERE at and post tree ealighten n igmtening guide pe ase 
Pri ln Se the pent ities within your reac 


HAZLEHURST DESIGNS LTD., BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 
337B, Shakespeare House, 
34a, Pottery Lane, London, W.II. 17-19 Stratford Place, Oxford St., BR I E T 
PARk 6955 London, W.I 
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MONOGRAPHS 


FREQUENCY MODULATION eae ... by K. R. STURLEY, Ph.D. 
This, the first of the Electronic Engineering Monograph Series, achieved an instant success and has 
now reached its third edition. It was the first book published in Britain on this important subject. 
Third edition Price, 2s. 6d., Postage, 2d. 


PHOTO-CELLS IN INDUSTRY ua . by W. SUMMER, Dr.Ing. 
Some of the chapter headings: Production ‘Control—Chemical Industry—Mining-Inspection—Relay 
Circuits—indicate the wide field which the author covers in this monograph, which is illustrated 
with over 80 diagrams and circuits Price, 3s. Od., Postage, 2d. 


THE ELECTRON MICROSCOPE ... ; by D. GABOR, Dr.Ing., F.Inst.P. 
The invention of the electron microscope is one of the greatest contributions made to science in 
the past ten years. This book covers the subject in a concise yet very readable manner. The 
author, an acknowledged authority on electron optics, discusses the development and possibilities 
of the instruments. Second edition Price, 4s. 6d., Postage, 3d. 


ELECTRONIC MUSICAL INSTRUMENTS . by S. K. LEWER, B.Sc. 
This booklet—the first published—deals exclusively ‘with the various methods of producing musical 
sounds by electronic means. The author is well qualified to write on the subject, as he combines 
a sound knowledge of music with engineering experience in this field. Price, 3s. 6d., Postage, 3d. 


Obtainable from all Booksellers, or direct from" :— 


ELECTRONIC ENGINEERING ssi oss 28 ESSEX STREET, STRAND, LONDON, W.C.2. 
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SERVO CONTROL EQUIPMENT ( . 
Partridge Hews 
JL MAINS TRANSFORMERS 
oo PO A.F. TRANSFORMERS 
#) SMOOTHING CHOKES 
1 to ° 4} yoo alte ; THERMAL DELAY SWITCHES 
nd- SLIDER RESISTANCES 
a MAGSLIPS 0 y 
- Ramtoor. Teepe Sreasate, 5 VAto 50 KVA Mads 
nost eceivers, etc., 2” and 3” types. ‘ 
En- OLIVER PELL CONTROL LTL 
ye] Power od Peas daie TRANSFORMERS— dUgaderammeals tls 1 iaaa : 
- g types. ly 22 
n or menaeenes snamiinne, sn POWER or AUDIO FREGUENCY 
nese VELODY NES 4 WEEKS DELIVERY 
and Send for list and technical details. Th k detesh demihiien af 
_ Vacuum relays 6 volt 35mA. (approx.) P e ds now oa Pp ailable 
es fitted 4-pin valve socket (Brit.) 6/6 artridge transformers is av 
irses to you in transformers and chokes * 
= HOPTON RADIO, to y xed = apermacgae es . and 
= in double quick time tever ° 
city ahaceaais a i ae ag we your transformer need, first consult Rad io spa res 
ve ‘phone : STReatham 6165 Partridge— the specialists. 
id, 2 
Jad * Nrenowacaiabie “"°""* | Dagality Parts 
= HERMETICALLY SEALED IN OIL 
miss / / ‘ =... The 
ber e 
of Electronic PARTRIDGE deiliainiie. Anata 
ACCESSORIES & COMPONENTS TRANSFORMERS LTD Siow. Cheteo 
Hamemarerssmamg 0/00 & HEMMERDINGER L" ROEBUCK ROAD. KINGSTON - BY - pass 
c tories, Colleges, B/BEME ALITA METST TU TOLWORTH SURREY * 
Send for List. POLS te | Telephone Nee. 





~ a 


Bi "RELIANCE 









«© fen NWI 
\\ Vc Wire-wound and Composition types. 
\ eg Single, Ganged, Tandem Units. 
Characteristics : linear, log., semi-log., non- 
inductive, etc. Full details on request, ELECTRO -CERAMIC INSULATORS & REFRACTORIES 
RELIANCE MNFG., CO. (SOUTHWARK), LTD., 
TELECOMMUNICATION GEO BRAY & CO LTD 


Sutherland Road, Higham Hill, Walthamstow, E.17. RADIO & ELECTRICAL 


Telephone: Larkswood 3245 TRADES 


DISCS 
DIAPHRAGMS 
ELEMENT STRIPS 
‘CONDENSER PLATES 
SPECIAL SHAPES 

















MAGNETIC 
RELAYS 


LARGEST STOCK IN GREAT 
BRITAIN OF RELAYS AND 
KEY SWITCHES 





Government Contractors 


RELAYS P.O. 3000 - 600 - HIGH SPEED 











ALL NEW EX-MINISTRY GOODS RAW MICA 
—| JACK DAVIS pert. £. waar 





30 PERCY STREET, LONDON, W.1. 


Phones : MUSeum 7960 LANgham 4821 


MICA C°L™®-BEDFORD. | 


























Acheson Colloids Ltd. 

Airmec Laboratories Ltd. 
All-Power Transformers Ltd. .. 
Antiference Ltd. 


Belling & Lee Ltd. 
Bray & Co., Ltd., George cs 
British Electric Resistance Co., Ltd. 


British Institute of Engineering 
Technology es a Aes -- me 


British I *s Cables 
Ltd. re mt ‘* Cover ii 


British Mica Co.,Ltd. .. =e a ae 
British National Radio School, The .. 37 
British N.S.F. Co., Ltd. se 19 


British Thomson-Houston Co., Ltd., 
he 


Bulgin & Co., Ltd., A. F. 
Bullers Ltd. 


lated Callend 





Chance Bros. Ltd. 
Chapman & Hall Ltd. 
Cinema- Television Ltd. .. 
Cosmocord Ltd. 

Cossor Ltd., A. C. 


Darwins Ltd. 

Davis, Jack i 
Dawe Instruments Ltd. .. ; 
De La Rue & Co., Ltd., Thomas 
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INDEX TO ADVERTISERS 


Drayton Regulator & Instrument Co., 
Ltd. Ris i os ee a 


Edison Swan Electric Co., Ltd., The .. 
E.M.I. Institutes Ltd... sh os 
Evershed & Vignoles Ltd. <n .. 32 


Ferranti Ltd. be Ke .s 18 
Fielden (Electronics) Ltd. <a .. 254 
Furzehill Laboratories Ltd. + “a 


Gardner's Radio Ltd. oe : .. 30 
General Electric Co., Ltd., The 3,27 & 29 
General peng Co. stnaeaaiated 
Ltd. 

Hazlehurst Designs Ltd. a sa) ae 
Hivac Ltd. .. x - ay .. 38 
Hogg, F. Livingston % « 
Holiday & Hemmerdinger Ltd. ae 
Hopton Radio oe ie * a 


Measuring Instruments (Pullin) Ltd. 23 
‘aie mealiamaamamas Electrical Co., 
Ltd. 


Modern Book Co.. The 

Muirhead & Co., Ltd. fs 
Mullard Electronic Products Ltd. 
Nagard Ltd. 


Painton & Co., Ltd. 
Parmeko 


Partridge Transformers Ltd. .. a 9 
Pearce (Pressings) Ltd., William . 35 
Pell Control Ltd., Oliver a <a ae 
Pitman & Sons, Ltd., Sir Isaac .. 252 


Radiospares Ltd. .. . us a, ae 
Redifon Ltd. res < a 
Reliance Mnfg. Co. heaven Ltd. . 39 
Rubber Bonders Ltd. <a +e ne 9 


Samwell & Hutton es ie i 
Sangamo- Weston Ltd. Cover iii 
Scophony-Baird Ltd. in 5 a 
Standard Telephones & Cables Ltd. 15 


Taylor & Co., Ltd., Armand .. <*.e 
Taylor Electrical Instruments Ltd. .. 28 


eres Condenser Co., _  Ltd., 
S .. Cover iv 


amie Oemecuaen & Main- 
tenance Co., Ltd., The ah oo ae 


Tufnol Ltd. Be re oe a a 
United Insulator Co., Ltd. oS 2." 


Valradio Ltd. ie ee oa a 
Vortexion Ltd. Cover i 


Walter Instruments Ltd. ce ae 
Wayne-Kerr Laboratories Ltd., The . is, Se 


Westinghouse Brake & ae hr 
Ltd. 36 


Whiteley Electrical Co., Ltd. ev ee | 
Wiggin & Co., Ltd., Henry ea o> ae 

















JUST PUBLISHED 





Obtainable from :— 


The First published design 
for B.B.C. F.M. Reception A 


HOME BUILT 


FREQUENCY MODULATED 


RECEIVER 


By K. R. STURLEY, Ph.D., M.I.E.E. 


Contains full details and wiring diagrams for the construction of a frequency-modulated 
receiver for reception of the B.B.C’s. new high-fidelity F.M. transmitter at Wrotham (Kent). 
Included in the booklet is a design for a suitable aerial system and a simple modulated 
test oscillator for alignment of the I.F. stages. 


ELECTRONIC ENGINEERING 
28 ESSEX STREET, STRAND, LONDON, W.C.2 


Price 4/6d. 


Post Free 4/9d. 
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53 Ranges with Rotary Switch Selection 


This uniquely comprehensive Test Set has 53 ranges for measuring 
AC and DC current and voltage, resistance and insulation. It is 
completely self-contained, with internal batteries to provide power 
for the ohms ranges and self-contained power pack for insulation 
measurement at 500 V. Selection is carried out by two 20-position 
switches. A fully protective safety device is fitted and is operative 
for forward or reverse overload. The 150 division 6-in. scale is 
uniformly divided and is fitted with an anti-parallax mirror. The 
set is enclosed in a handsome bakelite case and fully complies with 
B.S.S. No. 89, covering first grade instruments. Full details of 
this, and other Weston electrical measuring instruments will 
gladly be supplied on request. 


SANGAMO WESTON 


LIMITED 
ENFIELD, MIDDLESEX: 


Telephone: ENField 3434 (6 lines) and 1242 (4 lines) 
Telegrams: Sanwest, Enfield 


AREA DEPOTS: 

201 St. Vincent Street, Glasgow. - CENtral 6208 
Milburn House, Newcastle-on-Tyne. Newcastle 26867 
22 Booth Street, Manchester CENtral 7904 
33 Princess. Street, Wolverhampton Wolverhampton 21912 





Cap. 
05 


uF. Lgth. | 


Idin. 
I din. 
I Zin. 
2 in. 


TYPE 743 


I Zin. iin. 


750 V. D.C. Wkg. 








)Dr protetted 


TUBULAR PAPER CONDENSER 


TYPE 343 
350 V. D.C. Wkg. 


IHESE condensers are used by the 

million — they meet the requirements 
of over 75% of the positions in electronic 
circuitry and are to be found in every 
well-known make of radio and television 
receiver. 

The windings keep inductance to the 
minimum, the sealing is by several 
coatings of wax, and the simple but 
effective construction shows a consider- 
able saving in cost. 

Wax protected types are not recom- 
mended where permanent high insulation 
resistance under all conditions is essential, 
and here T.C.C. ‘‘Metalmite’”’ or 
** Metalpack ’’ condensers (in aluminium 
tubes with synthetic rubber end seals) 
should be used. 


T.C.C. Condensers are exclusively specified in the 
View Master —the Television Set you build at home 
from standard parts. Constructor Envelopes (Model 
A, London, or Model B, Sutton Coldfield) 5/- each 
from all Wireless Shops. 





TYPE 543 
500 V. D.C. Wkg. 


Cap. uF. Lgth. 
up to .00Z Zin. 
Ol Zin. 
.02 I in. 

| Idin. 

I Zin. 


TYPE 2043 
1000 V. D.C. Wkg. 


Cap. pF. | Lgth. 
I in. 
I in. 
| in. 


2 in. 
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